Work studies of cutting in radiata pine by Whiteley, David
WORK STUDIES OF CUTTING IN RADIATA PINE
by
DAVID WHITELEY
i ' - ; 
11 i[\\
T h e s is  subm itted  for the  degree  
of M a s te r  of S c ien ce  at the  
A u stra l ian  N a tio n a l  U n iv e rs i ty  
1973
Except where otherwise acknowledged, th is  




LIST OF TABLES v




Shortwood and tree length logging 3
Studies of sawlog cutting 4
Effects of stand differences on cutting
productivity 4
Time study techniques 5
Work study procedures 7
PART I : COMPARING LOGGING METHODS
2 STUDIES OF SHORTWOOD LOGGING 11
Shortwood extraction 11
Studies of cutting 14
Results of cutting studies 20
3 STUDIES OF TREE LENGTH LOGGING 23
Simulating tree  length cutting 23
Tree length logging at Tumut 25
ii
C hap te r  Page
C u tting  s tu d ie s  at Tumut 26
T es tin g  the  s im u la tion  model 28
Tree leng th  e x tra c t io n  31
Snigging or bunching  w ith  h o rs e s  32
Bunching w ith  w in c h e s ,  bunch  ex tra c t io n
w ith  sk id d e rs  32
Snigging w ith  in d u s t r ia l  t r a c to rs  34
4 LOGGING FIRST THINNINGS AT BATHURST, 1972 -  1977 35
C u tting  p ro d u c tiv ity  35
W ood s u p p l ie s  and th e  o rg an iz a t io n  of logging  38
Plant and labour req u irem en ts  41
Logging c o s t s  44
PART II : STUDIES OF CUTTING PRODUCTIVITY
5 DETAILED TIME STUDIES OF SAWLOG CUTTING 48
W ork m ethods for saw log  cu tt in g  49
Fie ld  p ro ced u res  for th e  s tudy  50
R esu lts  by D e ta i le d  tim e s tudy  54
D is c u s s io n  of th e  r e s u l t s  for e a c h  e lem en t .57
E stim ating  working tim e for cu tt in g  65
E stim ating  ou tpu t from cu tt in g  67
E s tim ating  c u t t in g  p ro d u c tiv i ty  7 0
iii
Chapter Page
6 GROSS DATA TIME STUDY AND ITS COMPARATIVE
PRECISION 74
Results by Gross Data time study 7 5
The precision of time study 77
7 COSTS OF CUTTING SAWLOGS IN NEW SOUTH WALES 81
Award wages for cutting 82
Chain saw co sts  84
8 COSTING AND DESIGNING TIME STUDIES 89
The cost of time study 89




APPENDIX A : A Scheme for Subdividing Cutting Operations
into Elements for Time Study 101
APPENDIX B : Data on Shortwood C utting at Sunny Corner 106
APPENDIX C : Covariance Analysis of Shortwood Cutting
Regressions 110
APPENDIX D : Data on Logging Operations at Tumut 113
APPENDIX E : Volume Yields from First Thinnings in the
Bathurst P lantations 115
APPENDIX F : C osts of Forest M achinery 116
APPENDIX G : Sample Plots for the Sawlog Cutting Studies 119
iv
P a g e
A PP E ND IX H : D a t a  C o l l e c t e d  b y  D e t a i l e d  T i m e  S t u d y 124
APPEND IX I : S p e c i a l  S t u d i e s  o f  T r i m m i n g 128
A PP E ND IX J : V a r i a n c e s  a n d  C o v a r i a n c e s  o f  E l e m e n t  T i m e s 137
APPEND IX K : V a r i a n c e s  o f  P r o d u c t s  a n d  Q u o t i e n t s 13 8



















Productiv ity  in shortwood e x t r a c t io n  o p e ra t ions
Elements  of shortwood cu t t ing  o p e ra t io n s
Elements  of t ree  length  cu t t ing  common to  shortwood 
cu t t ing
Elements  of t ree  length  cu t t in g  at  Tumut
D ata  for t e s t i n g  the  s imula t ion  model  of t r e e  length  
cu t t ing
Elements  of bunch e x t rac t io n  o p e ra t io n s
Product iv i ty  in t ree  length  e x t r a c t io n  o pe ra t ions
The mean b a s a l  a rea  of t r e e s  removed from sample  
p lo t s  in the  Bathurst  p l a n t a t i o n s ,  f i rs t  th inned  
in the  y e a r s  1965 -  70
Yields  from fi rst  th inn ings
Minimum numbers  of shortwood c u t t e r s  requ i red
Numbers  of c u t t e r s  requ i red  for a l t e rn a t iv e  logging 
methods
Numbers  of m ach ines  requ i red  for e x t rac t io n
Plant,  labour  and c a p i t a l  req u i rem en ts  for logg ing 
f i r s t  th inn ings  in the  Bathurst  p l a n ta t io n s
C o s t s  per 100 cub ic  feet  for shortwood and t r ee  length  
logging o pe ra t ions
Elements  of sawlog  cu t t ing  o pe ra t ions  
Stand v a r i a b le s






























































M ea n  squared  r e s id u a l s  about the  t r e e  volume equa t ion
Product iv i ty  and i t s  v a r ia n ce  e s t i m a te d  by D e ta i l ed  
t ime s tudy
R eg res s io n  models  for Gross  D a ta  t ime s tudy
C o s t s  of t ime s tudy
D a ta  on C u t te r  1
D ata  on C u t te r  2
D a ta  on C u t te r  3
T es t in g  a common co n s tan t
T e s t in g  a common r e g r e s s io n  co e f f ic ien t  of mean b a s a l  
a rea  per removed t ree
T es t in g  a common r e g r e s s io n  co e f f i c i en t  of mean s t a c k  
volume
C u t t in g  and bunching
D a ta  on the  ex t rac t io n  of b u n ch es  by sk idder
Volumes removed in 1965 -  1970
Volumes to be removed in 1972 -  1977
P u rch ase  p r ice s  of plant and equ ipment  for log 
e x t rac t io n
C o s t  d a ta  for log ex t rac t ion  p lant 
L o ca t ions  of the  s tudy p lo ts  
In te n s i ty  of th inn ing  
M e a s u re d  s tan d  v a r i a b le s  
M e a s u re d  s tan d  v a r i a b le s
M ean  e lem en t  t im es
vii
Table Page
39 M ean  e lement  t im es  126
40 Mean e lem ent  t im es  127
41 R egress ion  eq u a t io n s  for e f f e c t s  of b r a n c h in e s s  on
trimming t im es  in m inu tes  per t r e e  129
42 R egres s ion  eq u a t io n s  for e f f e c t s  of b r a n c h in e s s  on
trimming t im es  in m inu tes  per t r e e  131
43 D i f fe rences  in tr imming dead  and l ive  b ranches  of
r a d ia ta  pine 133
44 C ha in  saw c o s t s  va ry ing  with  p u rc h a se  pr ice  140
45 C ha in  saw c o s t s  va ry ing  w i th  leng th  of cu t te r  bar 141
v i i i
LIST OF FIGURES
Figure Page
1 The produc t iv i ty  of cu t t ing  o pe ra t ions  at Tumut 29
2 D is t r ibu t ion  of mean b a s a l  a rea  per removed t r e e .
Sample p lo ts  in the  Bathurst  p l a n ta t io n s  first
th inned  in 1965 -  1970 36
3 The p la n ta t io n s  near  Bathurst ,  New South W a l e s  39
4 Time spen t  removing  sp l in te r s  from bu t t s  of fe l led  t r e e s  60
5 Estimated  r e s id u a l  v a r ia n ce  about the  t ree  volume
equa t ion  prepared by the  Fores try  C om m iss ion  of
New South W a le s  71
6 The p re c i s io n  of D e ta i l ed  and G ross  D a ta  t ime s tudy 78
7 The c o s t  of cu t t ing  saw logs  in New South W a le s  85
8 C o s t s  of opera t ing  and m ain ta in ing  a c h a in  saw 87
9 Varia tion among r e g r e s s io n  c o e f f i c i e n t s  of tr imming
time r e g r e s s i o n s  130
10 The e ffec t  of b r a n c h in e s s  on mean trimming t ime per t r e e ,
inc lud ing  a s s o c i a t e d  d e lay s  . 135
ix
ACKNOWLEDGEMENTS
The author pa r t i cu la r ly  w i s h e s  to  th an k  Dr .1. S . Ferguson 
and M r . K .W . Groves  of the  D epar tment  of Fores t ry  at  the  Aust ra l ian  
N a t iona l  U n ive rs i ty  for th e i r  a s s i s t a n c e  in the  p repa ra t ion  of th i s  
t h e s i s  and for many he lpfu l  s u g g e s t i o n s .
Much of the  fie ldwork  for t h i s  t h e s i s  w a s  a rranged  by the  
author whi le  employed a s  a p ro f e s s io n a l  o f f icer  by the  Fores try  
and Timber Bureau of A u s t r a l i a .  The Bureau 's  c o -o p e r a t io n  in th i s  
regard  is  acknow ledged  and th o s e  members  of s ta f f  in the  Bureau 's  
Softwood U t i l i z a t ion  R esea rch  S u b - s e c t i o n  who a s s i s t e d  w i th  the  
fie ldwork  are thanked  g ra te fu l ly .  The c o - o p e r a t io n  of the  Fores try  
Com m iss ion  of New South W a l e s  and th e  A . C . T .  F o res t s  Branch, 
Depar tment  of the  C a p i t a l  Terri tory (formerly Depar tment of the  
Interior)  in providing ad d i t io n a l  s ta f f  from time to  t ime to  a s s i s t  
with  the  fie ldwork is  a l s o  a ck n o w le d g e d .
The author is  in deb ted  to  the  fo llowing o rg a n iz a t io n s  for 
th e i r  pe rm is s ion  to  carry  out the  f ie ldwork  for t h i s  t h e s i s : -
Forestry  C om m iss ion  of New South W a le s
A . C . T .  Fores ts  Branch, D epar tment  of the  C ap i t a l  
Terri tory
Pyneboard P t y . L t d .
Timber In d u s t r ie s  P ty .L td .
XAtel P ty „L td .
Various logging c o n t ra c to r s ,  p lan t  ope ra to rs  and c u t t e r s -
The a s s i s t a n c e  of the  Fores try  and Timber Bureau in provid ing 
v a r ious  d a ta  on the  p roduc t iv i ty  and c o s t s  of logg ing p lant and 
equ ipment  is  acknow ledged ;  l ik e w ise  the  a s s i s t a n c e  of the  
Fores try  Com m iss ion  of New South W a l e s  in provid ing a t ree  
volume equat ion  for r a d i a t a  pine and inven tory  d a ta  for the i r  
Bathurst  p l a n t a t i o n s .
The author kindly  w i s h e s  to  th an k  M rs .E  .Kirkwood for typ ing  
the  m anusc r ip t  and M r s .  A. McHugh and Mr „R.R .M cDerm ott  for 
proof read ing  i t .
CHAPTER 1
INTRODUCTION
C o s t s  of logging  and hau l ing  to  the  mill  are important for the  
wood us ing  in d u s t r ie s  in Austral ia»  These  c o s t s  c o n s t i t u t e  a s  much 
a s  80 per cen t  of th e  c o s t  of puipwood d e l iv e red  to  the  mill  (Cromer,  
197 0) and 64 per cen t  of the  c o s t  of s aw logs  de l iv e red  to  the  mill 
(Report of the  Economic Study Group on the  Aus t ra l ian  Timber Industry,, 
1971) .
Although some v a lu ab le  s tu d i e s  of the  p roduc t iv i ty  of logging 
and hau l ing  o pe ra t ions  have  been  made, the  Economic Study Group 
on th e  A ust ra l ian  Timber Indus t ry  r e v e a le d  how l i t t le  the  loca l  
t imber  indus t ry  i t s e l f  h a s  d o n e : -
„ . .w hen  a sk e d  in the  q u e s t io n n a i r e  if any com para t ive  c o s t  s tu d ie s  
had been unde r taken ,  not one of the  12 0 firms w h ich  re tu rned  
the  q u e s t io n n a i r e  r e p l ie d  in the  a f f i rm at ive .
D i s c u s s i o n s  w hich  the  Study Group had w i th  many s a w ­
mil l ing in t e r e s t s  brought forth th e  same r e a c t io n  -  the  p r a c t i c e s  
followed on log e x t ra c t io n  r e f l e c te d  at b e s t  an informed opinion 
but were  seldom b a se d  on any  d e ta i l e d  c o s t  s t u d i e s .  (Report of 
the  Economic Study Group on the  Aust ra l ian  Timber Indus t ry ,  1971, 
p .3 2 ) .
One r e a s o n  for the  lack  of com para t ive  s tu d ie s  by the  indus t ry  is  a 
d e a r th  of pu b l i sh ed  a r t i c l e s  d e sc r ib in g  s tudy  t e c h n i q u e s  su i ted  to 
loca l  co n d i t io n s  and i l lu s t r a t in g  the  q u e s t i o n s  w hich  can  be a n s w e r e d .  
This  t h e s i s  shows how work s tudy  t e c h n i q u e s  have  been  u s e d  to  so lve  
some problems ty p ic a l  of t h e s e  found in Aust ra l ian  logg ing .
2D eterm in ing  the b e s t  logging method for a g iven  a rea  is  a 
common problem. The fi rst  part  of th i s  t h e s i s  com pares  two methods  
of logging fi rs t  th in n in g s ,  the  shor twood arid t ree  length  methods ,  
wi th  s p e c i a l  re fe rence  to  the i r  a p p l ic a t io n  in th e  Bathurst  p l a n ta t io n s ,  
New South W a l e s ,  Although the  r e s u l t s  of th i s  s tudy  may only  be of 
lo ca l  in t e r e s t ,  the  p rocedu res  u sed  w i l l  provide gu idance  for further 
r e s e a r c h  in to  t h i s  and r e l a t e d  problems in the  A ust ra l ian  logging 
i n d u s t r y .
To so lve  a good many problems in logging , informat ion on the  
p roduc t iv i ty ,  (output per unit  work ing t ime) of logg ing o p e ra t io n s  is  
requ i red ,  w h ich  may have  to  be ob ta ined  by t ime s tu d y .  The s eco n d  
part  of t h i s  t h e s i s  d e a l s  w i th  e f f e c t s  of d i f f e r e n c e s  be tw een  s t a n d s  
on the  p roduc t iv i ty  of s aw log  cu t t ing  op e ra t io n s  in New South W a le s  
and the  A us t ra l ian  C a p i t a l  Terr i tory .
Because  t ime and manpower were  l imi ted ,  f ie ldwork  for the  
t h e s i s  w a s  conf ined  to  one component of th e  logging o pe ra t ion  only,  
namely  c u t t in g .  C u t t ing  is  here  de f ined  a s  fe ll ing  and a l l  o ther work 
performed on fe l led  t r e e s  to  prepare  them for removal  from th e  fo res t  
to  the  main ro a d .  It was  d e c id e d  to  c o n ce n t ra te  on cu t t ing  in pine 
p la n ta t io n s  b e c a u s e  of the  growing impor tance  of su ch  p la n ta t io n s  in 
A us t ra l ian  fo re s t ry .  About 15 per cen t  of the  t o t a l  roundwood rem ova ls  
from A ust ra l ian  fo r e s t s  in 1968 came from con i fe rous  p l a n t a t io n s ,  
(Wilson , 1969) but r e c en t  f o r e c a s t s  su g g e s t  tha t  t h i s  f rac t ion  wil l  
s t e a d i ly  i n c r e a s e  to  about 3 0 per cen t  by the  year 2000 (Hanson and 
Farrow, 1969; Report of the  Economic Study Group on the  A us t ra l ian  
Timber Indus t ry ,  1971).
3Shortwood and t r ee  leng th  logging
In most con i fe rous  p la n ta t io n s  y ie ld s  from f i r s t  t h in n in g s  are 
i n c r e a s in g  s t e a d i ly  and w i l l  con t inue  to  do so  for many years»  How­
ev e r ,  the  p roduc t iv i ty  of cu t t ing  and e x t r a c t io n  is  much lower in. f irst  
th a n  in la te r  t h in n in g s .  Priori ty should  the re fore  be g iven  to  comparat ive  
s tu d i e s  of logging m ethods  for f ir s t  th innings»
The shortwood logging method i s  w ide ly  u s e d  in fi rst  t h in n in g s .  
Typ ica l  of such  o pe ra t ions  are  t h o s e  in p ine  p l a n ta t io n s  near  Bathurst  
owned by the  forestry C om m iss ion  of New South W ales»  The m erchan tab le  
s tem  of e ac h  fe l led  t ree  is  cut up at s tump in to  b i l l e t s  e igh t  fee t  long 
w h ic h  are e x t r a c te d  to  ro a d s id e  by v a r io u s  m eans ,  d e s c r ib e d  la te r 
It h a s  been c la imed ,  however ,  t h a t  t r e e  leng th  logg ing o p e ra t io n s ,  
in w h ic h  the  en t i re  m erchan tab le  s tem of e a c h  fe l led  t ree  i s  ex t ra c te d  
to  ro a d s id e  as  a s ing le  log,  c o s t  10 per cen t  l e s s  th a n  shor twood 
o p e ra t io n s  in fi rs t  t h in n in g s  and requ i re  l e s s  labour (Kerruish,  1968).
The aim of the  s tudy  w a s  to  compare  the  two methods  in terms 
of th e  c o s t  per unit volume for cu t t ing  and  e x t rac t io n  to  r o a d s id e  in the  
Bathurs t  p l a n t a t i o n s .  The e f fec t  of a change  from shortwood to  t ree  
len g th  logging on future p lan t  and labour requ i rem en ts  w as  a l s o  
i n v e s t i g a t e d .
S tud ies  were  made of shortwood cu t t in g  at Sunny Corner ,  one of 
the  Bathurst  p l a n t a t i o n s .  The d a ta  c o l l e c t e d  were  a l s o  u sed  to  c o n s t ru c t  
a s im u la t ion  model of cu t t ing  o pe ra t ions  invo lved  in t r e e  leng th  logg ing .  
The u s e  of a s im ula t ion  model avo ided  the  need  for e x p e n s iv e  field
4t r i a l s  and ha s  many po ten t ia l  a p p l i c a t io n s  in com para t ive  s tu d i e s  of 
logging m e thods .  D a ta  on e x t rac t io n  were  la rge ly  ob ta ined  from ear l ier  
s t u d i e s .  Some supp lem enta ry  s tu d ie s  were  a l s o  m ade .
S tud ies  of s aw log  cu t t ing
The s tu d ie s  in the  second  part  of t h i s  t h e s i s  had two a ims; 
f i r s t ly  to  i n v e s t ig a te  by t ime s tudy th e  e f f e c t s  of d i f f e r en c es  be tw een  
s t a n d s  on the  p roduc t iv i ty  of saw log  cu t t in g  operat ions. ,  s ec o n d ly  to 
compare two a l te rn a t iv e  t ime s tudy t e c h n i q u e s .
Effects  of s t a n d  d i f f e r e n c e s  on c u t t in g  p rod u c t iv i ty
Previous  work s tu d ie s  of cu t t ing  by H a se l  (1946), G u t ten b e rg  
and Perry (1957), Sam set  (1950) and Sam set  et  a l  (1969) had c l ea r ly  
shown tha t  the  p roduc t iv i ty  of cu t t ing  o p e ra t io n s  is  a f fec ted  by s tand  
v a r i a b l e s  such  a s  the  b a sa l  a rea  and number of t r e e s  removed per ac re ,  
their  form and s p a c in g .
T h ese  r e l a t i o n s h ip s  have  im p l ica t io n s  for w age  de te rm in a t io n s  
w h en  c u t t e r s  are  paid  by r e s u l t s ,  a s  i s  u s u a l  in A u s t r a l i a .  Seme 
c u t t e r s  are  paid under the  te rms  of in d u s t r i a l  aw ards  and,  a s su m in g  
an eq u i tab le  p iece  r a te  h a s  been  e s t a b l i s h e d  for cu t t in g  in a g iven  
s tand ,  it would be d e s i r a b l e  for the i r  employer  to  make any n e c e s s a r y  
ad jus tm en t  to  the  p ie ce  ra te  when th e y  move to  a d i f ferent  s t a n d .  The 
ad jus tm en t  should e n su re  no cu t te r  who works  the  requ i red  hours
r e c e i v e s  l e s s  than  the  minimum w e ek ly  w age  d i c t a t e d  by the  a w ard .
5Many c u t t e r s ,  however ,  n e g o t ia te  d i re c t ly  w i th  the ir  employers  
over wage  r a t e s . The p roduc t iv i ty  of cu t t in g  is  a factor to  be c o n s id e re d  
but many other fac to rs  such  a s  supp ly  and demand for labour,  secu r i ty  
of employment ,  equipment supp l ied  and l iv ing  c o n d i t io n s  are  a l s o  
im por tan t .  A s tudy of cu t t ing  p roduc t iv i ty  can  only provide su g g es t iv e  
d a ta  for wage  n e g o t i a t io n s  s in ce  th e  p rev a i l in g  c o n d i t io n s  of employ­
ment affec t  the average  level, of pe r fo rm ance .  N e v e r t h e l e s s ,  such  a 
s tudy  could provide a be t te r  b a s i s  for en su r in g  wage  equ i ty  be tw een  
c u t t e r s  working  in d if ferent s t a n d s  and for de termin ing  wage  ju s t i c e  
in r e la t io n  to  average  p roduc t iv i ty .
Time s tu d ie s  were  made of tw en ty  four saw log  cu t t ing  o p e ra t ions  
in p re -w ar  p la n ta t io n s  in New South W a l e s  and the  A us t ra l ian  C ap i ta l  
Terr i tory .  Each opera t ion  w as  s tu d ied  in th e  compartment s ch ed u led  
to  be cut when the  s tudy took  p l a c e .
Time s tudy  t e c h n iq u e s
Two different t ime s tudy  t e c h n i q u e s  had been  u sed  in previous  
s tu d i e s  of cu t t ing  Samset. (1950) and Sam se t  et  al  (1969) u s e d  a 
t e ch n iq u e  c a l l e d  "D e ta i led "  t ime s tudy  in which  e a c h  o p e ra t ion  is  
subd iv ided  into  a number of component  e l e m e n t s ,  wh ich  are  then  
s tu d ied  ind iv id u a l ly .  An a l t e rn a t iv e  t e c h n iq u e ,  c a l l e d  "G ross  D a ta"  
t ime s tudy, in which  each  o pe ra t ion  is  s tu d ied  a s  a whole  or subd iv ided  
in to  as few e lem en ts  a s  p o s s ib l e  w a s  u s ed  by H a s e l  (1946), Gut tenberg  
and Perry (1957), and in s tu d ie s  of log e x t r a c t io n  made by Bennett 
e t  al  (1965) . Gross  D a ta  t ime s tudy  should  c o s t  l e s s  th a n  D e ta i l ed
6time s tudy  but the  la t te r  may give more p re c i s e  r e s u l t s  if an opera t ion  
i s  com posed  of s ev e ra l  s e p a r a t e  s u b - o p e r a t i o n s .
When the  component e l e m e n t s  in a D e ta i l ed  t ime s tudy are 
f in a l ly  agg rega ted  to  c o n s t r u c t  a p red ic t iv e  model  of the  whole  
op e ra t io n ,  it is  a s s u m e d  the  e l e m e n t s  are  in d ep en d en t  of e a c h  other» 
R e s u l t s  of exper im en ts  c o n d u c ted  by Nanda (1968) s u g g e s t  t h i s  
a s s u m p t io n  may be va l id  for v a r io u s  l ight in d u s t r ia l  opera t ions»
It may not,  however ,  be v a l id  for heav y  s eq u e n t i a l  work s u ch  as 
c u t t i n g .
Bennett  et  al d i s c u s s e d  th e  e f fec t  of e lem en t  i n d e p en d e n c e  on
th e  r e l a t i v e  p rec i s io n  of D e t a i l e d  and G ross  D a ta  t ime s tu d ie s :
If t h e s e  s u b - p r o c e s s e s  (e lements)  are  e s s e n t i a l l y  independen t  
of e a c h  other,  th en  th e i r  combined  error  v a r i a n c e s  in a " g ro s s"  
model may obscu re  or o b l i t e r a t e  r e a l  e f f e c t s  of cond i t ion  fac to rs  
(e .g. s t an d ,  t e r ra in  and c l im a t i c  v a r i a b le s )  on one or more s u b ­
p r o c e s s e s »  However ,  t h i s  is  not the  only  p o s s i b i l i t y .
. . .The s u b - p r o c e s s e s  may not be t ru ly  independen t  of one 
a no the r ,  and the  sum of the  s u b - p r o c e s s  e s t i m a t e s  may the re fore  
prove  to  be no be t te r  th a n  an o v e ra l l  e s t i m a te  from a g ro ss  model .  
This  q u e s t io n  d e s e r v e s  fur ther s tu d y .  (Bennett e t  a l ,  1965, p » l l ) .
The q u e s t io n  r e c e i v e d  fur ther a t t e n t io n  in a s tudy  by C o t te l l  and 
W in e r  (1969).  They compared  r e s u l t s  ob ta ined  by D e ta i l ed  and Gross  
D a ta  t ime s tu d ie s  of the  same e x t ra c t io n  opera t ion  and found no 
d i f f e r e n c e s  of p ra c t i c a l  im p o r tan c e .  They c onc luded  th a t  G ro s s  Data  
t ime s tudy  could provide su f f i c i e n t  informat ion for the  management  of 
e s t a b l i s h e d  logging o p e ra t io n s  but D e ta i l e d  t ime s tudy  cou ld  provide 
ex t ra  informat ion n eed e d  for c r i t i c a l  or com para t ive  s tu d ie s  of logging
m e t h o d s .
7D e ta i l e d  t ime s tudy  t e c h n i q u e s  w ere  u s ed  in s tu d ie s  of shortwood 
cu t t in g  o pe ra t ions  for the  first  par t  of t h i s  t h e s i s  b e c a u s e  in format ion  
on s e v e ra l  component e lem en ts  of shor twood cu t t ing  w a s  n e e d e d  for 
c o n s t r u c t in g  a s im ula t ion  model of t r e e  leng th  cutt ing«  In the  seco n d  
part  of the  t h e s i s ,  however ,  both D e ta i l e d  and Gross  Data t ime s tudy 
t e c h n i q u e s  were  u s ed  to  s tudy  the  e f f e c t s  of d i f f e r en c es  be tw een  
s t a n d s  on sawlog  cu t t ing  productiv ity« The two t e c h n i q u e s  were  
compared  in te rms of p re c i s io n  and the  r a t io  of to t a l  s tudy  c o s t  to  
p r e c i s i o n .
W ork  s tudy p rocedures
G enera l  p rocedu res  o u t l ined  by the  In te rn a t io n a l  Labour Office  
(In troduction to Work Study, 1962) were  fo llowed in t ime s tu d ie s  
made for th i s  th e s i s«  One a s p e c t  of t h e s e  p rocedu res  n e ed e d  
s p e c i a l  t rea tm en t  for fo res t ry ,  however ,  namely  performance ra ting« 
This  i s  commonly u s e d  in t ime s tu d i e s  of in d u s t r i a l  o p e ra t io n s  to 
t a k e  accoun t  of d e v ia t io n s  in the  performance  of a g iven  worker 
from the  average  performance for th e  group under co n s id e ra t io n ,  and 
i s  de f ined  as
. « «the menta l  com par ison  by th e  w o rk - s tu d y  man of the  perfor­
m ance  of an operator under o b s e r v a t io n  wi th  h i s  own idea  of a 
s tan d a rd  performance for a g iven  method» (In troduction to  Work  
Study, 1962, p»231)
Performance ra t ing  is  o b v io u s ly  a s u b je c t iv e  p r o c e s s  and the  work 
s tu d y  man would need  to  r a t e  every  e lem en t  performed during the
s t u d y »
8In heavy  manual work su ch  a s  cu t t ing ,  performance i s  very  
v a r i a b l e .  Not only do cu t te r s  have  d i f feren t  performance c a p a c i t i e s  
d ep en d in g  on the ir  phys ique ,  sk i l l  and e x p e r ien c e  but th e  performance 
of e a c h  ind iv idua l  cu t te r  v a r ie s  during the  day  and from day  to  day 
th roughout  the  year (Samset et a l ,  1969; M akkonen ,  1954).  These  
v a r i a t i o n s  re f le c t  d i f f e ren ces  in h e a l th  and tem peram ent  and in the  
e nv i ronm en t .  The way  cu t t ing  is  o rgan ized  in Aus t ra l ia  may a l s o  
a f fe c t  performance l e v e l s .  M ost  c u t t e r s  are pa id  by r e s u l t s  and, 
th e o r e t i c a l l y ,  work under the  s t im u lus  of an in c en t iv e  wage payment  
p lan  but in p ra c t ic e  r e s t r i c t i v e  q u o ta s  are often im posed  on th e i r  
output  by the  grower or buyer .  Some c u t t e r s  may d e l ib e r a t e ly  ad ju s t  
t h e i r  performance lev e l  when a t ime  s tudy  co m m en ces ,  but it i s  l ike ly  
th e y  would g radua l ly  resum e the i r  normal  rhythm of w ork .
The Nordic  Fores t  Work Study Counc i l  has  a d v i s e d  th a t  if 
performance  ra t ing  is  to  be u sed  a t  a l l  in fo res t ry ,  t h e n  it should  only  be 
done  by th o s e  who s u b se q u e n t ly  u s e  and in te rp re t  the  r e s u l t s  
(S k o g l ig a rb e t s s tu d ie n o m en k la tu r , 1963).  There are  u s u a l ly  four 
p a r t i e s  conce rned  w i th  saw log  c u t t in g  in Aust ra l ian  pine  p la n ta t io n s :  
th e  grower,  the  buyer ,  logging c o n t ra c to r s  h ired  by the  grower or 
buyer,  and cu t te r s  employed by the  c o n t r a c to r s .  S tud ies  in t h i s  th e se s  
w e re  under taken  to  provide  informat ion for u se  by any of t h e s e  p a r t i e s  
so  the  s e r v i c e s  of an independen t  work s tudy  off icer ,  with  c o n s id e r a b l e  
e x p e r i e n c e  of cu t t ing  work, would have  been  requ i red  to  provide 
a c c u r a t e  and a c c e p ta b l e  performance r a t i n g s .  However ,  even  if su ch  
r a t i n g s  were  d e s i r ab le ,  no one qua l i f i ed  to  do it w a s  a v a i l a b l e .
9Performance r a t in g s  are u s e d  to  co r rec t  the  o b se rv ed  t ime for 
e ac h  e lem ent  to  the  "normal t ime" by th e  r e l a t i o n s h ip
, ., O b se rv ed  t ime x  performance ra t inqNormal t ime =  —  ----- :— — —  ,--------7----------------Ratmg for normal  performance
Kilander (1958) r a i s e d  a s t rong o b je c t io n  to  the  u se  of performance  
r a t in g  in fores t ry ,  po in t ing  out tha t  b i a s  cou ld  e a s i l y  be in t roduced  
in co r rec t ing  o bse rved  t im es  to  normal t im es  b e c a u s e  the  fo res t  
environment i s  very  v a r i a b l e .  S ince  performance  lev e l  f lu c tu a t io n s  
are  an important source  of v a r ia t io n  in o b se rv ed  t im e s ,  b ia s  in t roduced  
by performance ra t ing  would  la rge ly  n e g a te  the  a n a l y s i s  of t ime s tudy 
d a ta  by s t a t i s t i c a l  m e th o d s .  For th i s  r e a s o n  performance r a t in g  w as  
not u s e d  in the  s tu d ie s  for th i s  t h e s i s  in order tha t  r e g r e s s io n  a n a l y s i s  
might be u sed  to  s tudy  th e  e f f e c t s  of d i f f e r e n c e s  be tw een  s t a n d s  on 
the  p roduc t iv i ty  of c u t t i n g .
A further problem in work s tudy  procedure  w a s  e s t im a t in g  the  
t ime requ i red  for r e s t  and  meal b reaks  w hen  c u t t e r s  recover  from 
fa t ig u e .  Several  a s p e c t s  of cu t t ing  work may induce  fa tigue ; 
awkward  working p o s i t i o n s ,  the  con t in u a l  u s e  of force  and m uscu la r  
energy  and in te rm it ten t  loud h i g h -p i t c h e d  n o i s e  and v ib ra t ion  from 
cha in  s a w s .  The t ime requ i red  for rest, i s  an important c o n s id e ra t io n  
when s e t t in g  t ime s t a n d a r d s  b e c a u s e  the  t ime a l low ed  shou ld  be 
a d eq u a te ,  but not e x c e s s i v e ,  for the  e s s e n t i a l  n e ed s  of the  c u t t e r s .
Tab les  of r e s t  a l l o w a n c e s  for in d u s t r i a l  env i ronm ents  are 
a v a i l a b le  (Introduction t o  Work Study,  1962) but have  not yet  been  
t e s t e d  in Aust ra l ian  f o r e s t s .  M ea l  b reaks  are of ten  p re sc r ib ed  for
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in dus t r ia l  w orke rs  but p ie ce  work c u t t e r s  are free to  de te rm ine  if and 
w hen  th ey  requ ire  b r e a k s .  The o bse rved  t im es  for r e s t  and meai 
b reaks  were  therefore  u s e d  th roughout  the  s tu d ie s  in th i s  t h e s i s ,  
w i thou t  c o n s id e r in g  whether  they  r e f le c t  the  e s s e n t i a l  n e e d s  of 




STUDIES OF SHORTWOOD LOGGING 
Shortwood e x trac t io n
In A ustra lian  c o n ife ro u s  p la n ta t io n s  t r e e s  are  p lan ted  in ro w s , 
g en e ra l ly  e igh t fee t a p a r t .  In th e  f ir s t  th in n in g  e n tire  row s of t r e e s  
(ca l led  outrows) are  rem oved at re g u la r  in te rv a ls  to  a llow  m ach in es  
u se d  for log e x tra c t io n  to  en te r  th e  s ta n d .  O ther t r e e s  are  rem oved 
s e le c t iv e ly  from the  b a y s  b e tw een  the  o u t r o w s .
In shortw ood c u t t in g  o p e ra t io n s ,  b i l l e t s  are cut from e a c h  
fe l le d  t r e e ,  c a r r ied  to  th e  outrow and s ta c k e d  th e re  for su b se q u e n t  
e x t ra c t io n .  In some p la n ta t io n s ,  su ch  a s  th o s e  near M ount G am bier, 
South A u stra l ia ,  shortw ood  b i l le t s  a re  lo ad ed  onto road  t ru c k s  w hich  
en te r  th e  s tan d  a long  th e  outrow s and  h au l d i re c t ly  to  the  m il l .  Road 
t ru c k s  canno t e n te r  th e  outrow s in th e  B athurst p la n ta t io n s  b e c a u s e  
ground c o n d it io n s  are u n s u i t a b le .  One of th ree  m ethods  might th e n  
be u sed  to  e x tra c t  b i l l e t s  to  ro a d s id e  w here  th e y  w ould  be t r a n s fe r re d  
to  road  trucks:




Each method of ex t rac t io n  would  requ i re  a d i f feren t  method of s tack ing  
by the  c u t t e r s .
In the  1950 's  and 1960 's  e x -a rm y  b l i tz  t ru c k s  were  w ide ly  u sed  
in th e  Bathurst  p l a n ta t io n s  for e x t r a c t in g  fi rst  t h in n in g s .  C u t t e r s  were  
r e q u i re d  to  s t a c k  th e i r  b i l l e t s  in m eta l  p a l l e t s  w h ich ,  when f i l led ,  
w ere  w inched  onto  the  t ray  of the  b l i tz  t ruck  and ca r r ied  to  r o a d s i d e .  
Blitz t ru ck s  were  not s tud ied  for t h i s  t h e s i s ,  however ,  b e c a u s e  in 
r e c e n t  y ea r s  be t te r  and more eco n o m ica l  m ethods  have  been  deve loped  
for shor twood e x t r a c t i o n .  T h e se  m ethods  employ a r t i c u la t e d ,  rubber 
ty red  m a ch in es  w i th  four w h e e l  drive  and e x c e l l e n t  t r a c t io n ,  even  on 
s l ip p e ry  or boggy ground .  Because  th e  m a ch in es  c a n  load from 
lo o s e l y  p i led  s t a c k s ,  cu t t ing  and e x t r a c t i o n  are  l e s s  d e p en d en t  on eac h  
o ther  th a n  th e y  u s e d  to  be w hen  p a l l e t s  w ere  u s e d .
At Canobolas, one of the  Bathurst  p l a n t a t i o n s ,  shortwood b i l l e t s  
are  e x t r a c t e d  w i th  a sk idder  equ ipped  with  a load ing  boom and w in c h .  
C u t t e r s  s t a c k  about  s ev e n ty  cu b ic  fee t  true  volume w ith in  a l ight 
frame and bind the  s t a c k  w i th  wire  before  removing  the  frame.  The 
w in ch  rope  of the  sk idder ,  w h ic h  runs  over a p u l ley  at  the  top  of 
th e  load ing  boom, i s  pu l led  out,  p a s s e d  around the  s t a c k  and f a s t e n e d  
w i th  a ch o k e r .  The s t a c k  is  w in c h ed  c lea r  of the  ground, tu c k ed  in 
over th e  rear  w h e e l s  of the  sk idder  and  ca r r ied  to  r o a d s i d e .  Similar 
o p e r a t io n s  at  Longford p la n ta t io n ,  near  Traralgon,  Vic toria ,  have  
b een  s tu d ied  by the  Fores t ry  and Timber Bureau of A u s t r a l i a .  The 
Bureau’s d a ta  w ere  u s e d  to  de te rm ine  the  ave rage  machine  and 
labour p roduc t iv i ty  of a sk idde r  (Table 1, page  13 ) .
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Kerruish (197 0) h a s  su g g e s te d  th a t  forw arders  cou ld  provide 
e f f ic ie n t  m eans of e x tra c t in g  shortw ood b i l l e t s ,  a forwarder be ing  an 
a r t ic u la te d ,  rubber ty red ,  four w h ee l  d rive  t ra c to r  w ith  an in teg ra l  
load  carry ing  c rad le  and a h y d rau lic  g rab  lo a d e r .  Forw arders  can  load 
e f f ic ie n t ly  from s ta c k s  c o n ta in in g  a s  l i t t l e  a s  te n  cu b ic  fee t  (S tick- 
v ä g s  huggning vid trak to rko rn ing , 1963) and  can  s to ck p i le  b i l le t s  
at ro a d s id e  or t ra n s fe r  them  d ire c t ly  onto  r o a d t r u c k s . Two shortw ood 
e x tra c t io n  o p e ra t io n s  w ith  fo rw arders  of 42 ho rsepow er (H ,P .)  have 
been  s tu d ied  by th e  F o res try  and Timber Bureau. One w as  at 
G urnang, one of the  B athurst p la n ta t io n s  and th e  o ther w as  at 
G nangara  p la n ta t io n ,  n ea r  Perth , W e s te rn  A u s t r a l i a . B ille ts  e igh t 
fee t  long w ere e x tra c te d  in both th e s e  o p e ra t io n s .  The B ureau 's  
d a ta  w ere  u sed  to  d e te rm ine  the  av e rag e  m achine  and labour pro­
d u c t iv i ty  of a 42 H . P .  forwarder (Table 1) .
TABLE 1
P roductiv ity  in shortw ood e x tra c t io n  o p e ra t io n s
Average m achine Average labour
p ro d u c tiv i ty p ro d u c tiv i ty
M ethod (cubic  fee t per (cubic fee t  per
m ach ine  hour) man hour)
97 H . P .  sk idder 1340 494
42 H . P .  forwarder 404 309
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The m ach ine  p roduc t iv i ty  is  th e  output per unit  of t ime when 
th e  motor works  at full  power .  The labour p roduc t iv i ty  is  the  output 
per unit  of t ime when the  opera tor  i s  en gaged  in a c tu a l  e x t r a c t io n  or 
r e s t i n g  dur ing or af te r  e x t r a c t io n .  Because  the  o p e ra to rs '  r e s t  and 
m ea l  b reaks  were  not a d eq u a te ly  sam pled  during the  s tu d i e s ,  an 
a l lo w a n c e  equa l  to  a quarter of the  t ime spen t  on a c tu a l  e x t ra c t io n  
w a s  made for r e s t  and meal b re a k s .
The Bureau 's  d a ta  s u g g e s t e d  sk idders  would  be more eco n o m ica l  
th a n  forwarders  for e x t rac t in g  shortwood b i l l e t s  in f ir s t  t h in n in g s  at  
Bathurst  but la rger s t a c k s  would  be requ i red  for sk id d e r s  than  for 
f o r w a r d e r s .
S tu d ie s  of cu t t ing
Earl ier  s t u d i e s  of cu t t in g  in f i r s t  t h in n in g s  in  A us t ra l ia  i n d ic a te d  
some of the  problems involved  in s tudy ing  shor twood  cu t t in g  and 
com par ing  it wi th  a l t e rn a t iv e  m ethods  such  a s  t r e e  leng th  c u t t i n g .
None of the  ea r l i e r  s tu d i e s  w a s  conduc ted  in a thoroughly  r igo rous  
manner  so  the  r e s u l t s  th e m s e lv e s  were  of doubtfu l  v a l u e .
The Fores t ry  and  Timber Bureau made d e t a i l e d  t ime s tu d i e s  
of th ree  s e l e c t e d  c u t t e r s  in the  Bathurst  p l a n t a t i o n s  (Anon, 1965).
All ob se rv ed  t im es  w ere  co r rec ted  by a performance  ra t in g  p r o c e s s  
and  a s u b je c t iv e  a l lo w an c e  w a s  made for the  t ime spen t  on r e s t  
and  meal  b r e a k s .  Each c u t t e r ' s  t o t a l  co r rec ted  t ime w as  d iv ided  
by h i s  volume output and  the  av e rag e  of a l l  th ree  c u t t e r s '  t im es  
d e te r m in e d .  This  a v e rag e  t ime per unit  volume co r re sp o n d ed  to  a
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productivity of 29 cubic feet per man hour for shortwood cu tting .
The average corrected time per unit output for each element of the 
shortwood cutting operations w as a lso  ca lcu la ted . Times for the 
elem ents "trimming" and "measuring" had to  be estim ated for one 
cutter because he performed these  elem ents together and they were 
not d istinguished separately  in the time study. The average tim es 
for measuring, c rosscu tting  and stacking were subtracted from the 
average to ta l time to construct a sim ulation model of tree length 
cu tting . The simulated time per unit volume corresponded to a 
productivity of 49 cubic feet per man hour for tree  length cu tting .
Kerruish (1967) d iscu ssed  differences between shortwood and 
tree  length logging with respec t to  safety , and their im plications for 
forest management, millyard handling and recovery, and gave re su lts  
of stud ies of shortwood and tree  length logging operations in the 
Bathurst p lan ta tions. Observed tim es for shortwood cutting were 
compared with corrected tim es for tree length cutting covering a 
range of values of mean volume per removed tre e . No d e ta ils  of the 
sam pling procedures or time study techniques were given.
Hill (1966) published tab les of standard tim es per unit 
volume output for cutting pulpwood b ille ts  six feet long in the East 
G ippsland plantations of A .P .M . Forests Pty. L td .. These data may 
be applied to d istribu tions of breast height diam eters and m erchantable 
lengths among trees removed from represen ta tive  stands to determine 
the productivity of cu tting . The effects of th ese  tree ch arac te ris tic s
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on cutting time may, however, have been biased because a performance 
ra ting  process was used in the study. Times per unit output given 
for component elem ents of shortwood cutting could be used to 
construct a sim ulation model of tree length cutting but, again, these  
may have been biased by the rating p ro cess .
W hiteley (1967) studied three shortwood cu tters in several 
different stands at Sunny Corner, one of the Bathurst p lan tations. 
E ffects of stand differences on time per unit output for each element 
of the cutting operation were investigated  by regression  an a ly s is . 
Performance rating was not u sed . W hiteley s tre ssed  his re su lts  
should be trea ted  with caution because adequate data  were gathered 
on only one of the cu tte rs . Data on th is  cutter showed mean volume 
per removed tree affected the time per unit output for several e lem ents. 
The volume removed per acre and density  of hardwood debris affected 
some elem ents but had only a slight effect on cutting productivity 
overa ll. The productivity of cutting and stacking increased  by about 
16 per cent when stacks containing fifteen instead  of sixty cubic 
feet were prepared. Only the larger s tacks were suitable for extraction 
by skidders but either size  of stack  could be extracted by forw arders.
Further stud ies of shortwood cutting in first thinnings were 
arranged by the author at Sunny Corner. Since earlie r cutting studies 
had indicated that d ifferences between stands in the mean basal area 
per removed tree , caused by varia tions in spacing, survival and rate  
of growth, could affect the productivity of cutting, three areas were
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c h o se n  in com partm ents  sch ed u led  for th in n in g  at the  tim e th e  study 
w as  m ade . One a rea  w as  ty p ic a l  of e x p o se d  r idge  s ites , w here  the  
m ean b a s a l  a rea  per rem oved t re e  ran g ed  b e tw een  0 .1 8  and 0 .2  0 
sq u are  f e e t .  As such  a re a s  w ere  l im ited  in s iz e ,  p a r ts  of two 
s e p a ra te  com partm en ts  w ere  req u ired  to  p rov ide  su f f ic ie n t  m a te r ia l  
for th e  s tu d y .  The seco n d  a rea  w a s  ty p ic a l  of sh e l te re d ,  w e ll  
d ra in ed  s i t e s  w here  th e  mean b a s a l  a rea  per rem oved t re e  ran g ed  
b e tw een  0 .2 5  and 0 .3  0 square  f e e t .  The th ird  a re a  w as  in te rm ed ia te  
in te rm s of s i te  q u a l i ty .
Three c u t te r s  w ere  s tud ied  . Each« c u t te r  u s e d  a ch a in  saw  for 
fe l l in g  and dock ing  ( i . e .  c ro s s c u t t in g  b i l l e t s ) ,  an  axe  for trimming 
and a l igh t m easu ring  s t ic k  for m easu r in g  b i l l e t s .  B ille ts  w ere  cut 
to  a m erch an tab le  sm all  end d ia m e te r  of abou t four in c h e s  o v e rba rk . 
C u t te r  1 fe l le d  te n  to  f if teen  t r e e s  at a t im e ,  s u c c e s s iv e ly  trim m ed, 
m easu red  and  docked  them  and f in a l ly  s ta c k e d  th e  b i l l e t s .  C u tte r  2 
fe l led  more t r e e s  at a tim e th a n  C u tte r  1 and  com bined  the  trimming 
and m e asu r in g .  C u tte r  3, h av in g  fe l le d  a t r e e ,  im m ed ia te ly  m easu red  
and d o ck ed  b i l le t s  from i t .  H av ing  done th i s  to  s e v e ra l  t r e e s ,  he 
trimmed and s ta c k e d  th e  b i l l e t s .  The work m ethods  u sed  by C u tte rs  
1 and 2 w ere  b a s ic a l ly  s im ila r  but d if fe red  r a d ic a l ly  from th e  method 
u sed  by C u tte r  3 . Both m ethods w ere  u s e d  by o ther shortw ood  c u t te rs  
in f i r s t  t h in n in g s .
T rees  at Sunny C orner had  been  p la n te d  in row s e igh t fee t  apar t  
and ev e ry  t re e  had been  pruned to  a h e ig h t  of e ig h t  fee t  before  the
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fi rst  t h in n in g .  Every nin th  row w a s  removed  a s  an outrow in the  fi rs t  
th inn ing  and e a c h  cu t te r  took  an outrow and th inned  four rows  in the  
bays  on e i the r  s i d e .  S tacks  were  made b e s id e  the  outrow and s i ted  
w here  the  hydrau l ic  grab loader  of a forwarder could  g ra sp  b i l l e t s  
w i thou t  h indrance  from s tand ing  t r e e s  or logging  s l a s h .
Each cu t te r  w as  s tud ied  in a l l  th ree  a r e a s .  Because  a l t e rn a t iv e  
methods  of shortwood e x t rac t io n  have  d i f fe ren t  r equ i rem en ts  w i th  
r e s p e c t  to  s t a c k  s i z e ,  and the  r e s u l t s  of an ea r l i e r  s tudy  (White ley ,
1967) in d ic a ted  s t a c k  s i z e  might a f fec t  c u t t in g  p roduc t iv i ty ,  e ac h  
cu t te r  w as  s tud ied  for th re e  days  in e a c h  a rea  and in s t r u c t e d  eac h  
day  to  make s t a c k s  of a pa r t i cu la r  s i z e .  The s t a c k  s i z e  for one day  
w a s  about 20 cub ic  fee t ,  for ano ther  day  about  40 cu b ic  f ee t  and for 
th e  th i rd  day  about  7 0 cub ic  f e e t .  The shor twood  cu t t ing  o p e ra t io n s  
were  subd iv ided  in to  e l e m e n t s  for D e ta i l e d  t ime s tudy  (Table 2) .
M ost  of the  e l e m e n t s  are  s e l f  ex p lan a to ry  but d e f in i t io n s  are  g iven  
in Appendix A. The t im e  spen t  on eac h  e l em en t  w a s  m easu red  to  th e  
n e a r e s t  one hundred th  of a minute wi th  a s to p w a tc h  hav ing  a sp l i t ,  
f l y - b a c k  h a n d .
The b re a s t  he igh t  and m erchan tab le  sm al l  end d iam e te r s  of e ac h  
removed t ree  w ere  m e asu re d  to  the  n e a r e s t  t e n th  of an inch  w i th  c a l i p e r s .  
After the  t ime s tudy, the  h e ig h ts  of five rem a in ing  t r e e s  in th e  plo t ,  
s u b je c t iv e ly  c h o s e n  a s  the  t a l l e s t ,  w ere  m e a s u r e d .  The mean he igh t  
of the  three  t a l l e s t  of t h e s e  five t r e e s  w a s  u s ed  a s  an e s t i m a te  of the  
predominant  he ight  of th e  s t a n d .  A t ree  volume equ a t io n  for r a d ia t a
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TABLE 2
Elements  of shortwood cu t t ing  o pe ra t ions
Sub -o p e ra t io n Element Symbol
Fell ing C o l l e c t  to o l s 1
Walk to  t ree 2
C lea r  d eb r i s  from b a se  of t ree 3
In sp e c t  and prepare  to  fell 4
Saw
Remove sp l in te r s  from butt of fe l led
5
t ree 6
D e lay s 7
Trimming C o l le c t  to o l s 8
Walk to  t ree 9
Trim b ranches 10
D e la y s 11
M ea s u r in g C o l l e c t  to o l s 12
W alk  to  t ree 13
M ea su re  b i l le t  l eng ths 14
D e la y s 15
Dock ing C o l le c t  to o l s 16
Walk  to  log 17
C r o s s c u t 18
D e lay s 19
S tack ing C o l l e c t  to o l s 20
Walk  to  b i l le t
Pick up b i l le t ,  carry  to  s t a c k  and
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put down 22
Trim branch s tu b s  left  on b i l le t 23
D e lay s 24
M i s c e l l a n e o u s C lea r  s l a s h  from outrow
Cut  and c lea r  hardwood debr is  on
25
outrow 26
C hain  saw  m a in tenance 27
Rest and meal b reaks 28
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p ine ,  p repared  by the  Forestry  C om m iss ion  of New South W a le s  
(page 53 ) w a s  u s ed  to e s t im a te  th e  underbark  m erchan tab le  volume 
of e a c h  fe l led  t r e e .  The equ a t io n  u s e s  b r e a s t  he igh t  d iam eter ,  
m e rchan tab le  smal l  end d iameter  and th e  predominant he igh t  of the  
s tand  a s  independen t  v a r i a b l e s .  The t o t a l  volume fe l led  in e ac h  
s tudy  plot  w as  d iv ided  by th e  number of s t a c k s  p repared  to  
de te rmine  the  mean s t a c k  vo lum e .
R esu l t s  of the  cu t t ing  s tu d ie s
For e a c h  s tudy plo t ,  the  t ime sp en t  on e a c h  e lem ent  of the  
shortwood cu t t ing  ope ra t ion  w a s  d iv ided  by the  number of t r e e s  
fe l led  and  the  r e s u l t s  for a i l  the  e l e m e n t s  e x ce p t  "avo idab le  
d e l a y s " ,  wh ich  were  e x c lu d e d  b e c a u s e  th e y  c o n s t i t u t e d  t ime spen t  
on o p e ra t io n s  o ther th a n  cu t t ing ,  were  summed to  ob ta in  th e  mean 
cu t t in g  t ime per t r e e .  Appendix B c o n ta i n s  the  e lem en t  t im e s ,  
mean b a s a l  a rea  per removed t r e e  and mean s t a c k  volume for e a c h  
s tudy p l o t .
A r e g r e s s io n  of mean cu t t ing  t ime per t r e e  on mean b a s a l  
a rea  per removed t ree  and  mean s t a c k  volume w as  c a l c u l a t e d  for 
e ac h  cut te r  , The r e g r e s s i o n  e q u a t io n s  w e r e : -
T = 2 .4 4  + 19 .53  A -  0 .0042  S
(+ 5 .29)  (+0.0092)
T = - 2 . 0 1  + 2 8 .7 3  A + 0 .0043  S
(+ 7 .20)  (+0.0105)
and T = - 9 . 0 1  + 60 .1 5  A + 0 .0 5 1 6  S
(+ 9 ,9 8  (+0.0102)
for C u t te r  1
for C u t te r  2
for Cutter 3
where  T d e n o te s  the  mean cu t t ing  t ime per t ree  in minutes
A d e n o tes  the  mean b a s a l  a rea  per removed t ree  in square  feet  
S den o tes  the  mean s t a c k  volume in cub ic  f e e t .
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M ean  b asa l  a rea  per removed t ree  had  a s ig n i f ic a n t  e f fec t  on the  work 
of a l l  th ree  c u t t e r s  but. mean s t a c k  volume only had a s ig n i f ic an t  
e f fec t  on the  work of Cutte r 3 .
C o v a r ian c e  a n a l y s i s  w i th  dummy v a r i a b l e s  (Freese ,  1964) w as  
u s e d  to  t e s t  d i f f e r en c es  be tw een  th e  r e g r e s s io n s »  T e s t s  d e sc r ib e d  
in Appendix C showed d i f f e r en c es  b e tw ee n  c o n s t a n t s  and c o e f f i c i e n t s  
in th e  r e g r e s s i o n s  were  s ign i f ican t»  I n s p e c t io n  of the  r e g r e s s i o n s  
showed th o s e  for C u t t e r s  1 and  2 w e re  s im i la r  but d i ffered markedly  
from tha t  for Cu t te r  3.  R esu l t s  of a s tudy  of cu t t in g  in f i r s t - th inn ings  
in South A us t ra l ian  pine p la n t a t i o n s  (White ley ,  1972) provided  l imited  
e v id e n c e  to  s u g g e s t  tha t  the  d i f f e r e n c e s  in cu t t in g  t im es  be tw een  
C u t te r s  1 and 2, and  Cutter 3 at  Sunny Corner cou ld  not be ex p la in ed  
by the i r  a l t e rn a t iv e  work methods»
Two South A us t ra l ian  c u t t e r s  h a d  b e e n  s tu d ied  in  the  same s t a n d .  
They had both u s e d  the  same method to  cu t and s t a c k  random length  
b i l l e t s  and sp en t  4 .3 4  and 4 „65 m inu tes  per t r e e  r e s p e c t i v e l y ,  
s u g g e s t in g  th ey  w ere  equal in pe r form ance  a t  c u t t in g .  Each cut te r  
w a s  a l s o  s tu d ied  w h i le  cu t t ing  shor twood  b i l l e t s  four feet  long .  The 
fi rs t  cut ter u s e d  th e  same method a s  Cut te r  1 at Sunny Corner and 
spen t  7 .7  9 m inu tes  per t ree ;  the  s e c o n d  u s e d  the  same method as  
Cut te r  3 at  Sunny Corner and  spen t  7 . 5 6  m inu tes  per t r e e .  These  
r e s u l t s  s u g g e s t e d  th a t  c u t t e r s  w ou ld  a t t a in  th e  same cu t t ing  t ime 
per t ree  w i th  e i the r  method of shor twood c u t t in g .
Although s ig n i f ic an t  d i f f e r e n c e s  w ere  found in the  above 
r e g r e s s i o n s ,  p robab ly  c a u s e d  by perform ance  d i f f e r en c es  be tw een
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c u t t e r s ,  an e x p re s s io n  of the  average  e f f e c t s  of mean b a s a l  a rea  per 
removed  t ree  and mean s t a c k  volume on mean cu t t ing  t ime per t ree  
w a s  r e q u i r e d . To ob ta in  i t ,  o b s e r v a t io n s  on all th re e  cutte r s were  
poo led  and a s ing le  r e g r e s s io n  com pu ted .  M ean  s t a c k  volume w as  not 
s ig n i f i c a n t  and w a s  dropped from the  r e g r e s s i o n .  The fina l  r e g r e s s io n  
e q u a t io n  w as
T = - 0 . 3 2  + 30 .01  A
(+ 7 .92)
(using th e  same symbols  a s  above) . This  e q u a t io n  w as  u s e d  as  
a p red ic t iv e  model of the  working  t ime invo lved  in shor twcod 
cu t t ing  in a f ir s t  th inn ing  in any  of th e  Bathurst  p l a n t a t i o n s .  Cut t ing  
p roduc t iv i ty  for a s tan d  cou ld  be e s t i m a te d  by d iv id ing  th e  volume y ie ld  
by the  p red ic ted  work ing t im e .
CHAPTER 3
STUDIES OF TREE LENGTH LOGGING 
Simula ting t ree  length  cu t t ing
To avoid  c o s t ly  fie ld  t r i a l s  of t r e e  leng th  cu t t ing ,  a s im ula t ion  
model w as  c o n s t r u c te d  from the  d a ta  on shor twood  c u t t in g .  Tree 
leng th  cu t t ing  involved  fe l l ing  t r e e s ,  tr imming th e  b ra n c h es  and 
dock ing  the  unm erchan tab le  top of e a c h  f e l l e d  t r ee  to  ob ta in  a 
s in g le  log from the  m erch an tab le  s t e m .  It is  roughly  e q u iv a len t  to 
the work involved  in fe ll ing  and tr imming in  shor twood cu t t in g  
o p e r a t io n s .  If the  m erchan tab le  top d iam e te r  were  4 in c h e s  or l e s s ,  
the  unm erchan tab le  top of e a c h  fe l led  t r e e  could  e a s i l y  be docked  
by axe  dur ing tr imming.
To co n s t ru c t  a s im ula t ion  model,  it w a s  a s s u m e d  th a t  the  mean 
t ime per t ree  for e a c h  e lem en t  of t ree  leng th  cu t t in g  shown in Table 3 
(page 24 ) would  be the  same a s  the  mean t ime per t r e e  for th a t  
e lem en t  in shortwood c u t t i n g .  I t  w a s  a l s o  a s s u m e d  th a t  th e  t ime 
for dock ing  unm erchan tab le  t o p s  would  be n e g l i g i b l e .
C ha in  saw  m a in ten an ce  would  be much l e s s  than  for shortwood 
cu t t ing  b e c a u s e  dock ing  would  be e l im in a t e d .  For c o n v e n ie n c e  it w as  
a s su m e d  th a t  ha l f  the  mean t ime  per t r e e  for c h a in  saw  m a in ten an ce  in 
shortwood cu t t ing  would  be requ i red  in t r e e  leng th  c u t t i n g .  Tree 
length  cu t t ing  would a l s o  red u ce  p h y s ic a l  fa t igue  in cut ter s b e c a u s e  
s t renuous  b i l le t  car ry ing  and s t a c k in g  work would  be e l im in a te d .
24
H ow ever, t re e  leng th  cu tt ing  might be more m onotonous th a n  shortwood 
c u t t in g  b e c a u s e  le s s  su b -o p e ra t io n s  are  i n v o lv e d . It w as  a ssu m e d ,  
th e re fo re ,  th a t  the  frac tion  of w orking  tim e sp en t  on r e s t  and meal 
b re a k s  w ould be th e  same in t re e  len g th  c u t t in g  a s  in shortw ood
c u t t i n g .
TABLE 3
Elem ents  of t re e  leng th  c u tt in g  common to  shortw ood  cu tt in g
S u b -o p e ra t io n Elem ent
F elling C o l le c t  to o ls  
W alk to  t re e
C lear d e b r is  from b a s e  of t r e e  
In sp e c t  and p rep a re  to  fe ll  
Saw
Remove s p l in te r s  from butt of fe l le d  tree  
D e lay s
Trimming C o l le c t  to o ls  
W alk  to  t re e  
Trim b ra n c h es  
D e lay s
M is c e l la n e o u s Clear s l a s h  from outrow
Cut and c lea r  hardw ood d e b r is  from outrow
M ean  tim es  per t re e  for th e  e le m e n ts  of t re e  len g th  cu tt in g  
w ere ta k e n  from th e  d a ta  on shortw ood c u t t in g  in e a c h  s tudy  plot at 
Sunny Corner (Appendix B). M ean  t im e s  per t re e  for a l l  su ch  e lem en ts  
in e a c h  p lo t w ere  added  toge ther  and a r e g r e s s io n  of the  m ean tim e
per tre e  for s im u la ted  t re e  leng th  c u t t in g  on mean b a s a l  a rea  per
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removed t ree  w a s  c a l c u l a t e d  from the  poo led  d a ta  on a ll  p l o t s .  The 
r e g r e s s io n  equa t ion  w a s : -
T = -  1 o 18 + 2 0 .8 5  A
(+ 5 .42)
w here  T d e n o tes  mean cu t t ing  t ime per t r e e  in minutes
A d e n o te s  mean b a s a l  a rea  per removed  t r e e .
This equa t ion  w a s  to  be u sed  a s  a s im ula t ion  model of the  
work ing t ime invo lved  in a f i rs t  t h in n in g  in any of th e  Bathurst  
p l a n t a t i o n s .  It could  be compared w i th  th e  p red ic t iv e  model of 
shortwood cu t t ing  (on page  2 2 ) b e c a u s e  it w a s  b a se d  on the  same 
sample  of c u t t e r s .
Tree length  logging  at  Turnut
S tud ies  were  made of t ree  leng th  logging op e ra t io n s  in fi rs t  
th in n in g s  in pine p l a n t a t i o n s  near  Turnut, New South W a l e s .  D a ta  
c o l l e c te d  at Turnut w e re  u sed  par t ly  to  t e s t  the  s im ula t ion  model of 
t ree  length  cu t t ing  and par t ly  to  de te rm ine  th e  p roduc t iv i ty  of t ree  
length  e x t rac t io n  o p e ra t io n s  at  Turnut.
At Turnut logs  b e tw ee n  18 and 36 fee t  long are  cut to  a 4 inch 
m erchan tab le  smal l  end  d iam e te r  o v e rb a rk ,  C u t t e r s  e s t i m a te  the  
m erchan tab le  leng th  of e ac h  fe l led  t r ee  by eye; if it i s  36 feet  long 
or l e s s ,  a t ree  leng th  log is  cu t ,  o th e rw ise  two or more logs  having  
random leng ths  w i th in  th e  s p ec i f i e d  l im it s  are  c u t .  The method u sed  
at  Turnut may the re fo re  be d e s c r ib e d  a s  long, random length  logging 
but it i s  very  similar  to  true  t r ee  leng th  logging s in c e  t r e e s  from
firs t  th inn ings  are  o f ten  not long enough  to  make more than  one log .
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M ost  c u t te r s  at Tumut u s e  c h a in  s a w s  for tr imming.  They 
are  a ll  s e l f - t a u g h t  and do not u se  th e  s a f e s t  or most e f f ic ien t  
t e c h n i q u e s .  Every t ree  is  pruned to  a he igh t  of e ight  fee t  before 
th e  fi rst  th in n in g .
C u t te r s  are requ ired  to  bunch th e i r  logs  in an outrow. H o rse s ,  
w in c h e s  mounted on ag r icu l tu ra l  t r a c t o r s ,  and motor powered  w in c h es  
mounted on s l e d s  are u s ed  for bun ch in g .  If h o r s e s  are  u s ed ,  t r e e s  
a re  fe l led  t ip  fi rs t  towards  th e  outrow and logs  sn igged  t ip  fi rst  to 
the  bunch .  All s l a s h  and hardwood d e b r i s  must be c l ea re d  from the  
ou trow to  a l low  the  horse  to m a n o eu v re .  If w in c h e s  are u s e d  for 
bunch ing ,  t r e e s  are  fe l led  in to  th e  bays  b e tw een  outrows to  keep  the  
t o p s  out of the  outrows . Enough logs  to  make up a bunch are  cut and 
th e n  w inched  in to  the  outrow, butt f i r s t .  The w inch  is  th en  moved 
th rough  the  un th inned  s tand  to  the  s i te  of the  next b u n c h . A t r ac to r  
mounted w inch  can  be d r iven  th rough  th e  s tan d  and a s led  mounted 
w inch  can pull  i t s e l f  to  an anchor  t r e e .  Bunches are s u b s e q u e n t l y ’ 
sn igged  out to  ro a d s id e  by s k i d d e r s .
C u t t in g  s tu d i e s  at Tumut
Nine  c u t t e r s  (numbered from 4 to  12 hereaf ter)  work ing s ing ly  
in t r e e  leng th  o pe ra t ions  at Tumut were  s t u d i e d .  Five of t h e s e  
c u t t e r s ,  who u s e d  t rac to r  mounted w in c h e s  for bunch ing ,  were  
s tu d ie d  a t  cu t t in g  and b u nch ing .  The o ther  c u t t e r s ,  who u sed  
h o r s e s  for bunch ing ,  were  s tu d ied  at c u t t in g  o n ly .  The o pe ra t ions  
w e re  subd iv ided  in to  su i t a b le  e le m e n t s  for t ime s tudy  (Table 4) .
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TABLE 4
Elem ents  of t ree  length  cu t t ing  o p e ra t io n s  a t  Tumut
Element
C u t  (including unavo idab le  d e l a y s  a s s o c i a t e d  w i th  cutt ing)
Bunch (including unavo id ab le  d e l a y s  a s s o c i a t e d  w i th  bunching) 
Rest  and meal b reaks  
Avoidable  d e lay s
The s e q u e n c e  of e l em en t s  performed by e a c h  cu t te r  w a s  
s tu d i e d  for one day and the  t ime s p e n t  on e a c h  e lem en t  m e a s u re d .
The b r e a s t  he ight  and m erch an tab le  sm al l  end d iam e te r s  of the  
rem o v ed  t r e e s  w ere  m e asu re d  and  th e  predominan t  he igh t  in eac h  
s tudy  plot  w a s  e s t i m a te d  as  before . The volume of e a c h  removed 
t r e e  w a s  e s t i m a te d  from the  t ree  volume e q u a t io n  p repared  by the  
F o res t ry  C o m m iss io n  of New South. W a l e s  (page 53 ) .
W h ere  a cu t te r  performed cu t t in g  and  bunching ,  th e  t o t a l  t ime 
s p e n t  on r e s t  and m eal  b reaks  during the  s tudy  w a s  su b d iv id e d .  
C u t t ing  and  bunching  w ere  a s s u m e d  to  be e q u a l ly  s t renuous  
a c t i v i t i e s .  The t ime requ i red  for r e s t  dur ing  cu t t in g  R'  w a s  e s t im a te d  
from the  t o t a l  t ime sp en t  on r e s t  and meal b reaks  R, the  t ime spen t  




The e s t i m a te d  t ime required  for r e s t  and meal  b reaks  during bunching 
w a s  R -  R''. D a ta  c o l l e c te d  at  Tumut are  g iven in Appendix Do 
Times for avo idab le  d e lay s  have  been  excluded,.
Each c u t t e r ' s  hourly cu t t ing  output during the  s tudy  w a s  p lo t ted  
a g a i n s t  h i s  average  w eek ly  cu t t ing  and bunching  output for the  four 
w e e k s  a f te r  the  s tudy (Figure 1)„ The two m e asu re s  of p roduc t iv i ty  
were  fa ir ly  w e l l  co r re la ted  but Cut te r  11, who had  th e  h ig h e s t  output 
per w e ek  af ter the  s tudy, had only  th e  s ix th  h ig h e s t  cu t t in g  output 
per man hour during the  study., This s u g g e s t e d  h i s  performance 
dur ing the  s tudy  w a s  w o rse  than  normal  and in fac t  he had ju s t  
re tu rned  to  work afte r t rea tm en t  for a back  injury«
T es t in g  the  s im ula t ion  model
Times  spen t  on cu t t ing  and r e s t  and m eal  b reaks  during cu t t ing  
in e ac h  s tudy  plot  at  Tumut were  added  toge ther  and d iv ided  by the  
number of removed t r e e s  to  de te rm ine  the  mean cu t t ing  t ime per tree« 
The e q u a t io n  on page  2 5 w a s  u sed  to  s im u la te  the  mean t ime per  t ree  
for t r e e  l eng th  cu t t ing  in s t a n d s  w i th  the  same mean b a s a l  a rea  per 
removed t r e e  a s  e a c h  s tudy plot  at  Tumut« The s im u la ted  mean 
cu t t ing  t ime per t r e e  w as  s u b t r a c te d  from the  ac tu a l  mean cu t t ing  
t ime per t r e e  to  ob ta in  the  d i f fe rence  for e a c h  plot« The d i f f e r en c es





CUTTING AND BUNCHING PRODUCTIVITY AFTER THE TIME STUDIES 
(cubic  fee t  per w eek : av e rag e  of four w eeks)
i
FIGURE 1
THE PRODUCTIVITY OF CUTTING OPERATIONS AT TUMUT 
(ind iv idua l cu tter s are  id e n t i f ie d  by num bers; s ee  page  26)
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TABLE 5
D a ta  for t e s t i n g  the  s im ula t ion  model  of t ree  leng th  cu t t ing
C ut te r
M ean  b a s a l  a rea  
per removed t ree  
(square  feet)
Actual  




S im ula ted  




Dif fe rence  
(minutes 
per tree)








7 . 8 6 4 . 6 6 +3 .20
6 0.37 4 .1 1 6 .5 3 2 .4 2
7 0 .45 7 .4 6 8 .2 0 - 0 . 7 4
8 0 .2 8 3 .02 4 . 6 6 - 1 . 6 4
9 0 .26 6 .2 3 4 .2 4 + 1 .99
10 0 .35 5 .1 9 6 .1 2 - 0 . 9 3
11 0 .3 0 5 .0 4 5 .0 8 >-0.04
12 0 .35 7 .3 1 6 .1 2 + 1 .1 9
M ean  d i f fe rence - 0 . 0 5
Standard  Error + 0 . 6 !
The mean d i f fe rence  w a s  d iv id e d  by i t s  s tan d a rd  error and 
compared w ; th  t a b u la t e d  v a l u e s  of Student*s t -  s t a t i s t i c .  The 
mean d i f fe rence  w as  not s ig n i f ic an t  at  th e  95 per c en t  lev e l  of 
p robab i l i ty  so  the  s im u la t ion  model  would  provide s a t i s f a c t o r y  
e s t i m a te s  of th e  work ing t ime requ i red  for cu t t in g  in a c tu a l  t ree
length  o p e r a t io n s .
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The s im ula t ion  model w as  b a s e d  on d a ta  on axe  tr imming but 
the  t e s t  d a ta  from Tumut were  b a se d  on c h a in  saw  tr imming. 
Com para t ive  s tu d ie s  of axe  and cha in  saw  trimming in Sweden by 
Ager (1964) su g g e s te d  the  working t ime per t ree  requ i red  for cha in  
saw trimming might be l e s s  th an  for axe  tr imming but any d i f fe rence  
should  be neg l ig ib le  in fi rs t  t h in n in g s .  C u t t e r s  at  Tumut had  a l so  
to  c r o s s c u t  some of the ir  t r e e  leng th  logs  in to  random leng th  logs  
w h ich  would be u n n e c e s s a r y  in true  t r ee  l eng th  o p e r a t io n s .
Tree length  ex t rac t ion
Two methods  of t ree  length  e x t ra c t io n  in common use  in first  
th inn ings  at Tumut have  been  br ie f ly  d i s c u s s e d  above  (pages  25 & 26) . 
Ei ther could  be u s e d  for f i rs t  th in n in g s  in the  Bathurst  p l a n ta t io n s  
but th e re  are  other p o s s i b i l i t i e s  a s  w e l l .  L i s ted  below are  four 
p o s s i b i l i t i e s  inc lud ing  the  two u s e d  at  Tumut:
(a) sn igg ing  to  ro a d s id e  w i th  h o r se s
(b) bunch ing  in th e  outrows w i th  h o r s e s  and su b se q u e n t ly
e x t ra c t in g  the  bunches  to  ro a d s id e  wi th  sk idders  
(as at  Tumut)
(c) bunching  in th e  outrow with  motor powered  w in c h es
and su b se q u e n t ly  e x t ra c t in g  the  bunches  to  ro a d s id e  
wi th  sk idders  (as at  Tumut)
(d) Snigging to  ro a d s id e  w i th  s p e c i a l l y  equ ipped  in d u s t r ia l
t rac tor  s .
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Snigging or bunching with  h o rse s
If t ree  leng th  logging were  in t roduced  at  Bathurst ,  it  i s  un l ike ly  
h o r s e s  would be u sed  for sn igg ing  or b u nch ing .  P resen t  c on t rac to r s  
in fi rst  th inn ings  u se  m ach ines  for e x t ra c t io n  and would  no doubt 
con t inue  to  do s o .  H o rses  are not u s e d  in any o ther logging 
o p e ra t io n s  at  Bathurst  and would  n eed  to  be rea red ,  broken in and 
t r a in e d  if ob ta ined  from e l s e w h e r e .
Bunching with  w in c h e s ,  bunch e x t r a c t io n  w i th  sk id d e r s
Motor  powered w in c h es  are  w ide ly  u sed  in fi rst  t h in n in g s  at 
Tumut for bunch ing  logs  in the  outrows . Although l im ited  d a ta  on 
the  p roduc t iv i ty  of such  o p e ra t io n s  were  a v a i l a b l e  (Anon, 1969), 
further d a ta  were  c o l l e c te d  during s tu d ie s  a t  Tumut for t h i s  t h e s i s  
(Appendix D) „ The average  machine  and labour p roduc t iv i ty  of 
the  five w in c h es  s tud ied  is  g iven in Table  7 (page 34 ) .
O pe ra t io n s  in which  b u n ch es  of t r e e  length  logs  were  
e x t r a c te d  to  r o a d s id e  with sk id d e r s  of 97 H . P .  were  a l s o  s tu d ied  in 
f ir s t  th in n in g s  at  Tumut.  During the  s t u d i e s ,  the  b rea s t  he igh t  and 
m erchan tab le  smal l  end d iam e te r s  of logs  e x t r a c te d  were  m e asu re d .  
The predominant he igh t  of e ac h  s tan d  w a s  a s s e s s e d  and th e  t ree  
volume e q u a t io n  p repared  by the  Fores t ry  C om m iss ion  of New South 
W a le s  w a s  u s ed  to e s t im a te  log v o lu m e s .




Elements  of bunch e x t ra c t io n  o pe ra t ions
Element
Skidder motor work ing at full power,  
in c lu d in g  unavo idab le  d e l a y s .
Skidder motor s topped  or left  to  idle 
w h i le  the  opera to r  f a s t e n s  or 
u n f a s t e n s  the  load,  inc lud ing  
u n av o id ab le  d e l a y s .
Time spen t  on o p e ra t io n s  o ther than  
sk idd ing ;  t ime  sp en t  w a i t in g  for 
t ru c k s  to  a rr ive ,
The d a ta  c o l l e c t e d  are  g iven  in Appendix D, t im es  for avo idab le  
d e l a y s  hav ing  been  e x c lu d e d .  The average  machine  and labour 
p roduc t iv i ty  of f ive s k id d e r s  is  g iven  in Table  7 (page 34 ) .  It
w a s  a s s u m e d  tha t  th e  t ime spen t  on bunch e x t r a c t io n  by a sk idder  
opera to r  w a s  the  sum of the  m achine  and machine  id ling  t im es  for 
the  sk idder  and  an a l lo w an ce  for r e s t  and meal b r e a k s .  The a l lo w an ce  
w a s  equa l  to a quar te r  of the  t o t a l  machine  and m achine  id ling  t ime
M ach in e  t ime
M ach in e  id ling  t ime
Avoidable  d e la y s
for th e  s k i d d e r .
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Snigging  wi th  indus t r ia l  t r a c to r s
In 1966, the  Fores try  and Timber Bureau he ld  t r i a l s  of t ree  
leng th  logging in first  t h in n in g s  in the Bathurst  p l a n t a t i o n s . An 
in d u s t r ia l  trac to r  of 40 H. P» equ ipped  w i th  a s a f e ty  canopy ,  ha l f  
t r a c k s ,  a double  drum winch  and a sk id  pan w a s  u sed  for e x t r a c t io n .  
T rees  were  fe l led  toward the  outrow w i th  the  t o p s  poin t ing  in the  
d i rec t io n  of e x t r a c t io n .  A t ree  leng th  log w a s  cu t  from eac h  t r e e .  
The t rac to r  w a s  r e v e r se d  up the  outrow and the  w in ch  rope pul led  
out and f a s t e n e d  to the  t i p s  of 6 -  8 logs  by c h a in  c h o k e r s .  The 
logs  were  w inched  to  the  t rac tor  and  sn igged  to r o a d s i d e .  Time 
s tu d i e s  of sn igg ing  by three  d i f ferent  ope ra to rs  on the  same 
m ach ine  were  made in s ev e ra l  one e ig h th  acre  p lo t s  during the 
t r i a l s .  The Bureau 's  da ta  were  u s e d  to  de te rm ine  the  average  
machine  and labour  p roduct iv i ty  as  g iven  in Table  7 .
TABLE 7
Product iv i ty  in t ree  length  e x t r a c t io n  o pe ra t ions
Average machine  Average labour
Method produc t iv i ty  
(cubic fee t  per 
machine  hour)
p roduc t iv i ty  
(cubic fee t  per 
man hour)
Tractor powered  bunching  w inch  
bunching in the outrows
166 129
97 H . P .  Skidder  e x t r a c t in g  bunches  
frrom outrow to ro a d s id e
369 225
40 H . P .  in dus t r ia l  t rac to r  snigging  
from stump to ro a d s id e
252 81
CHAPTER 4
LOGGING FIRST THINNINGS AT BATHURST, 1972 -  1977 
C u t t ing  p roduct iv i ty
The models  of shortwood end t r e e  l eng th  cu t t in g  were  app l ied  
to  inven tory  d a ta  ob ta ined  from the  pe rm anent  sample  p lo ts  of the  
Fores t ry  C om m iss ion  of New South W a l e s  to  de termine  the  average  
p roduc t iv i ty  of cu t t ing  in first  t h in n in g s .  Quar te r  acre  sample  
p lo ts  are  loca ted  at  the  i n t e r s e c t i o n s  of a r e c ta n g u la r  grid,  10 by 
2 0 c h a in s  apar t  w hereve r  the  to ta l  a rea  of a pa r t i cu la r  age c l a s s  in 
a g iven  p lan ta t ion  is  5 00 a c r e s  or more, and  10 by 10 c h a in s  apar t  
o t h e r w i s e .
The model  of shortwood cu t t ing  (page 22 ) w a s  u sed  to  e s t im a te  
the  mean cu t t ing  t ime per t ree  for e a c h  sam ple  plot  f ir s t  th inned  in 
the  year s  1965 - 1970. The f requency  d i s t r ib u t io n  of mean b a sa l  
a rea  per removed t ree  for the  sam ple  p lo ts  (Figure 2) showed  tha t  24 
per cen t  of the  sam ple  plot  m a te r ia l  fe l l  o u t s id e  the  range  covered  in 
th e  cu t t ing  s tudy  at  Sunny Corner  (see  Appendix B) so  tha t  some 
ex t rap o la t io n  from the  model of shortwood cu t t ing  w a s  n e c e s s a r y .
The mean cu t t ing  t ime per t ree  e s t i m a te d  for e a c h  sample  plot  w as  
mul t ip l ied  by the  number of t r e e s  removed and by the  in v e rse  of the



















MEAN BASAL AREA PER REMOVED TREE 
(square  feet)
FIGURE 2
DISTRIBUTION OF MEAN BASAL AREA PER REMOVED TREE 
SAMPLE PLOTS IN THE BATHURST PLANTATIONS 
FIRST THINNED IN 1965-1970
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th e  working  t ime in man hours  requ ired  for cu t t ing  fi rs t  th in n in g s  
in the  years  1965 -  1970o Es t im a te s  of th e  m erchan tab le  vo lum es  
removed from fi rs t  th inn ings  in the  years  1965 -  197 0 (Appendix E) 
were  a l s o  ob ta ined  from the  Fores try  C o m m is s io n .  The to ta l  
vo lume removed w as  d iv ided  by the  e s t i m a te d  cu t t in g  t ime to  
de te rmine  the  average  p roduc t iv i ty  (volume output per man hour) 
for shortwood cu t t ing  at B a th u r s t , The c a l c u l a t i o n s  were  r e p e a t e d  
for the  s imula t ion  model of t ree  length  cu t t in g  (page 25) .
The average  p roduc t iv i ty  of shor twood cu t t in g  w a s  39 cub ic  
f ee t  per man hour .  If t ree  leng th  cu t t ing  had  been  u s e d  and logs  
le f t  at stump for s u b se q u e n t  e x t rac t io n ,  a v e rag e  p roduc t iv i ty  
(dete rmined by simula tion) would  have  b een  65 cub ic  fee t  per man 
hour .  If t ree  length  cu t t ing  had been  u s e d  and logs  bunched  in th e  
outrows for s u b se q u e n t  e x t rac t io n ,  av e rag e  p roduc t iv i ty  would  have
been  43 cub ic  fee t  per man hour,  a s s u m in g  th e  p roduc t iv i ty  of
*
bunching  shown in Table  7 (page 34) „
Table  8 shows the  mean b a s a l  a rea  per removed t r ee  for a l l  
s am ple  p lo ts  f i r s t  th in n ed  in a p a r t i cu la r  p la n ta t io n  in a g iven  year 
from 1965 to  197 0. There w as  l i t t l e  v a r i a t io n  be tw een  p la n ta t io n s  
or from year to  y e a r .  It has  b een  a s s u m e d  tha t  th inn ing  s c h e d u le s  
w i l l  not be ch an g ed  in the  near future and th a t  the  mean b a s a l  
a rea  per removed t ree  w i l l  remain  c o n s t a n t  and have  no e f fec t  on 
av e rag e  cu t t ing  p roduc t iv i ty  in the  year s  1972 -  1977.
* These v a lu e s  of average  cu t t ing  p roduc t iv i ty  to the shor twopd and 
tree leng th  methods  dif fer  from some p u b l i sh ed  p rev io u s ly  (pages  14-16) . 
The d i s c r e p a n c i e s  are probably  due to the d i f fe ren t  s am p les  of c u t t e r s  
in eac h  s tu d y .  Also,  p rev ious  s tu d i e s  may no t  have  been  made in 
s t a n d s  w h ich  were  ty p ica l  for the Bathurst  p l a n ta t io n s  a s  a w h o le .
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TABLE 8
The mean b a s a l  a re a  of t r e e s  removed from sample  p lo ts  in the  
Bathurst  p l a n ta t io n s  f i r s t  th inned  in th e  y e a r s  1965 -  197 0 
(in square  feet  per rem oved  tree)
P lan ta t io n  Year of th inn ing
1965 1966 1967 1968 1969 1970
Glenwood 0 .2 6
C a n o b o la s 0 .26 0.21 0 .23 0 .2 4 0 .24 0 .27
Vulcan 0 .2 5 0 .31
Gurnang 0 .2 4 0 .2 4 0 .23 0 .2 4 0 .22 0 .25
Jenolan 0 .25 0 .2 7 0 .2 8 0 .2 6 0 .25 0 .2 8
Sunny Corner 0 .24 0.22 0 .25 0 .27 0 .2 6 0 .25
Wood su p p l i e s  and  the  o rgan iza t io n  of logging
C er ta in  a s s u m p t io n s  w ere  made about th e  o rg a n iz a t io n  of 
logg ing  o p e ra t io n s  in the  Bathurst  p l a n t a t i o n s  during the  y e a r s  1972 - 
1977 i n c l u s i v e .  The p la n ta t io n s  form th ree  g e o g r a p h ic a l ly  d i s t i n c t  
groups  shown in Figure 3 „ Glenwood and C an o b o l a s  p l a n t a t io n s  are  
s i t u a t e d  37 m i le s  w e s t  of Bathurst; Vulcan, Gurnang and Jeno lan  are 
35 m i le s  sou th  e a s t , a n d  Sunny Corner i s  17 m i le s  e a s t .  To min imize  
the  c o s t  of t r a n s p o r t in g  men to  and  from work  and of moving o pe ra t ions  
be tw een  fe l l ing  c o u p e s ,  it h a s  been  a s s u m e d  th a t  w here  wood s u p p l i e s  
are  a d eq u a te ,  logg ing  o p e ra t io n s  would  be o rg an ized  s e p a ra t e ly  for











THE PLANTATIONS NEAR BATHURST, NEW SOUTH WALES 
(from a map p u b l ish e d  by the  Fo res try  C o m m iss io n  of New South W ales)
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Firs t  th in n in g s  produce pulpwood and  are  d i s t i n c t  from thi rd  and 
la te r  th inn ings  w hich  produce s aw lo g s  . Future seco n d  th in n in g s  may 
produce  only pulpwood but it i s  more l ik e ly  they  w i l l  p roduce  both 
pulpwood and s aw logs  and requ ire  s p e c i a l  logg ing o p e r a t io n s .  In 
fo r ec a s t in g  p lan t  and labour r e q u i re m e n ts  for the  Bathurst  p l a n ta t io n s ,  
it may be a s su m e d  th a t  logging o p e ra t io n s  in fi rst  t h in n in g s  w i l l  be 
d i s t i n c t  from th o s e  in l a te r  th in n in g s .
Da ta  on ex p ec te d  y ie ld s  from f i r s t  t h in n in g s  in the  y e a r s  1972 -  
1977 were  ob ta ined  from the  Fores t ry  C om m iss ion  (Appendix E ) . 
Expec ted  y ie ld s  for e ac h  p lan ta t io n  group are shown in Table  9, with  
the  a c tu a l  y ie ld s  in 197 0 for c o m p ar i so n .
TABLE 9
Yie lds  from fi rs t  t h in n in g s  
(in th o u s a n d s  of c u b ic  feet)
P lan ta t ions  Year of th inn ing
1970 1972 1973 1974 1975 1976 1977
Glenwood
C an o b o la s




907 963 861 1063 579 1076 869
Sunny Corner 531 395 530 403 382 615 594
Tota ls 1859 2105 2046 2235 1470 2312 2099
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The y ie ld  from Glenwood and C an o b o la s  p l a n ta t io n s  in 1972 w i l l  be 
g rea te r  than  the  y ie ld  in 1970. Yie lds  from Vulcan, Gurnang and 
Jenolan  w i l l  be about the  same in 1972 a s  th ey  were  in 197 0 but the  
y ie ld  from Sunny Corner w i l l  be somewhat  l e s s .  The annua l  y ie ld s  
from e a c h  of the  p lan ta t ion  groups  w i l l  r em a in  fa i r ly  s te a d y  throughout 
the  y ea r s  1972 -  1977 e x cep t  for a marked drop in 1975. If wood 
su p p l i e s  remain  s tea d y ,  no great  c h a n g e s  in th e  s c a l e  of logging 
o pe ra t ions  are  l ike ly ,  but p o s s ib l e  e f f e c t s  of r e d u c ed  wood su p p l ie s  
in 1975 on labour  r equ i rem ents  for cu t t in g  w i l l  be shown l a t e r .
To provide s t ab l e  co n d i t io n s  for p lan t  u t i l i s a t i o n  and labour 
employment in the  Bathurst  p l a n t a t i o n s ,  th e  p roposed  th inn ing  sch ed u le  
should  be a d ju s t ed  to  in c r e a s e  the  y ie ld  for 1975. Before su ch  ac t ion  
cou ld  be ta k e n ,  however,  the  t o t a l  com m itm ents  on wood supply  from 
the  p la n ta t io n s  would  have  to be c o n s i d e r e d .
Plant and labour requ i rem en ts
The e x p e c te d  y ie ld s  from f i r s t  t h in n in g s  w ere  d iv ided  by the  
e s t i m a te s  of average  cu t t ing  p roduc t iv i ty  to  fo r ec a s t  the  work ing 
t ime re q u i re d .  The requ ired  working  t ime,  e x p r e s s e d  in man hours ,  
w a s  d iv ided  by the  ord inary  working  hours  s p ec i f i e d  in the  Timber 
W orkers  C o n so l id a te d  Award (pages  82 and 83) and the  r e s u l t  t a k e n  up to  
the  n e a r e s t  whole  number to  e s t im a te  the  number of c u t t e r s  req u i red .  
Numbers  of c u t t e r s  requ i red  are g iven  in Table  10 and may be regarded  
as  the  minimum requ i rem en ts  b e c a u s e  ind iv id u a l  c u t t e r s  would  lo se
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work ing  t ime through s i c k n e s s ,  in ju r ie s  and wet  w ea the r ;  some c u t te r s  
would  not w ish  to  work as  many as  forty hours  e a c h  w eek  and o thers  
would  be employed on a c a s u a l  b a s i s .
TABLE 10
Minimum numbers  of shortwood c u t t e r s  requ i red
Plan ta t ion Year
1972 1973 1974 1975 1976 1977
Glenwood
C an o b o la s




13 12 14 8 14
•>
12
Sunny Corner 6 7 6 5 8 8
The number of c u t t e r s  requ i red  for shor twood logging  w i l l  
rem ain  roughly  the  same from 197 2 to  197 7 e x ce p t  in 1975. The 
normal  r equ i rem en ts  w i l l  be 9 c u t t e r s  for Glenwood and  C a n o b o la s  
p la n t a t i o n s ;  12 for Vulcan,  Gurnang and Jenolan  p la n ta t i o n s  and 7 for 
Sunny Corner p la n t a t i o n .  In 197 5 th e  number of c u t t e r s  requ i red  wi l l  
drop and about 10 c u t t e r s  could  be la id  off at the  end  of 1974 to  re tu rn  
ea r ly  in 1976. Recru itment could  be d i f f icu l t  if a gene ra l  sho r tage  of 
labour were  to  occur  in 1976. However ,  th e  p roposed  s ch e d u le  of 
f ir s t  th in n in g s  cou ld  be a d ju s t e d  to  en su re  s t e a d y  employment for
e x p e r i en c e d  c u t t e r s .
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Table  11 g iv e s  average  a nnua l  c u t t e r  requ i rem en ts  for th ree  
a l t e rn a t iv e  logging methods for the  Bathurst  p l a n ta t io n s ;  i . e .  the 
shortwood method, the  tree  leng th  method where  logs  are sn igged  
d i re c t ly  from stump to  ro a d s id e ,  and  the  t r e e  leng th  method where  
c u t t e r s  are requ i red  to  bunch the i r  lo g s .
TABLE 11
Numbers  of c u t t e r s  requ i red  for a l t e r n a t iv e  logging  methods
P lan ta t ion Shortwood
cut t ing
Tree leng th  
cu t t in g  only
Tree length  
cu t t ing  
and bunching
Glenwood






Sunny Corner 7 4 6
Fewer c u t t e r s  would  be requ i red  for e i th e r  t r e e  leng th  logging method 
th a n  for the  shortwood m ethod .  The re d u c t io n  a c h ie v e d  would  be only  
s l igh t  however,  if the  c u t t e r s  in t r e e  leng th  o p e ra t io n s  w ere  a l so  
requ i red  to  bunch the i r  lo g s .
Numbers  of m ach in es  and op e ra to r s  r e q u i re d  for e a c h  p o s s i b l e  
method of e x t ra c t io n  were  de te rm ined ,  a s s u m in g  no machine  would 
be a v a i l a b le  for more th an  1600 machine  hours  per annum and no 
opera to r  would  work more than  the  ord inary  hours  sp e c i f i e d  in the
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Timber W orkers  C o n so l id a te d  Award« It w a s  a ls o  a ssu m e d  th a t  e ac h  
m achine  would have  only  one opera to r  and th a t  e x tra c t io n  o p e ra t io n s  
w ould  not be d e lay e d  by h au ling  o p e ra t io n s«  E stim ated  p lan t and 
labour req u irem en ts  for e x tra c t io n  are  g iven  in Table  12«
TABLE 12
Numbers of m a ch in es  req u ired  for e x tra c t io n
Forw arders  S k idders  T rac to rs  to  Sk idders  to  In d u s tr ia l
P la n ta t io n s  to  e x tra c t  to  e x tra c t  bunch e x tra c t  t r a c to rs  to
shortw ood shortw ood t re e  len g th  bunched  t re e  e x tra c t  t re e
b i l le t s b i l le ts logs leng th  logs leng th  logs
Glenwood
C an o b o la s




2 1 11 3 6
Sunny C orner 1 1 6 2 4
Logging c o s ts
Unit c o s t s  for w ood d e l iv e re d  to  ro a d s id e  w ere  c a lc u la te d  for 
e a c h  a l te rn a t iv e  logg ing  m ethod u s in g  th e  p lan t  and labour req u irem en ts  
shown in Table  13 (page 45 ) . Hourly w ag e  r a te s  for c u t te r s  and 
m achine  o p e ra to rs  w ere  o b ta in ed  from th e  Timber W orkers  C o n so l id a te d  
Award, a ssu m in g  paym ent by re s u l ts«  H ourly  c o s t s  of m ach inery  were 
b a se d  on d a ta  in Appendix F . The c o s t s  of a l te rn a t iv e  shortw ood and 
t re e  leng th  logging m e th o d s  are g iven  in Table  14 (page 45 ) . Fewer
c u t te r s  would be re q u ired  for t re e  leng th  logg ing  th a n  shortw ood
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TABLE 13
Plant,  labour and c a p i t a l  r e q u i re m e n ts  for logging 





ex t rac t ion
Shortwood
cu t t ing
sk idder
e x t r a c t io n
Tree length  
cu t t ing  
bunching & 
sk idd ing
Tree length  
cu t t ing  
in d u s t r ia l  
t rac to r  
sn igg ing
Number of cu t te r s 28 28 25 17
Number of opera to rs 5 3 7 15
Total  number of men 33 31 32 32
Average c a p i t a l $ 4 7 ,000 $ 4 5 ,2 0 0 $ 1 5 2 ,2 0 0 $ 6 5 ,1 0 0
inves tm en t  in 
p lan t
TABLE 14
C o s t s  per 100 cub ic  feet  for shor twood and t r ee  length
logging o p e ra t io n s
Item
Shortwood
cu t t ing
forwarder
ex t rac t io n
Shortwood
cu t t ing
sk idder
e x t ra c t io n
Tree length  
cu t t ing  
bunching  & 
sk idd ing
Tree leng th  
cu t t ing  
in d u s t r ia l  
t r ac to r  
sn igg ing
C o s t  of cu t t ing $ 4 .3 6 $ 4 .3 6 $ 2 .6 2 $2 .62
C o s t  of bunching $ 2 .5 0
C o s t  of e x t ra c t io n  
to  ro a d s id e $2 o 58 $ 1 .3 0 $ 3 .5 4 $4 .0 6
Total  C o s t $ 6 .9 4 $ 5 .6 6 $ 8 .6 6 $6 .68
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logging. Tree leng th  c u t t in g  w ould  be much c h ea p e r  th an  shortwood 
cutting, provided  t re e  len g th  c u t te r s  w ere  not req u ired  to  bunch logs 
in the o u trow . Tree len g th  e x tra c t io n ,  how ever, w ould req u ire  more 
men than shortw ood e x tra c t io n ,  w ould  be d ea re r  and w ould requ ire  a 
higher lev el of c a p i ta l  in v es tm en t in m e c h a n ic a l  p la n t .
Of th e  a l te rn a t iv e  m ethods c o n s id e re d  for shortw ood ex tra c t io n  
a 97 H.P.  sk idder  eq u ip p ed  w ith  a lo ad in g  boom ; w ould  be ch eap e r  
than a 42 H. P.  fo rw arder.  If a m ajo rity  of shortw ood c u t te r s ,  how ever, 
were to u s e  th e  sam e c u t t in g  m ethod a s  C u tte r  3 a t Sunny Corner (see  
p a g e .  17 ) the  c o s t  of p reparing  s ta c k s  c o n ta in in g  2 0 c u b ic  fee t
for forwarder e x tra c t io n  shou ld  be l e s s  th a n  th e  c o s t  of p reparing  
stacks co n ta in in g  60 c u b ic  fee t  for sk id d e r  e x t r a c t io n .  It is  u n lik e ly  
any reduction in c u t t in g  c o s t s  favouring  shortw ood logging  w ith  
forwarders w ould  c o m p en sa te  for th e  d if fe ren c e  b e tw een  forwarder 
and sk id d er  e x tra c t io n  c o s t s .
Tree leng th  logg ing  w ith  s p e c ia l ly  eq u ip p ed  in d u s t r ia l  t r a c to rs  
snigging lo g s  d i re c t ly  from stump to  ro a d s id e  w ould  be s l ig h t ly  
cheaper than shortw ood logging  w ith  fo rw arders  but d ea re r  th an  
shortwood logging  w ith  s k i d d e r s . Better perform ance  and h igher 
productivity might be e x p e c te d  of t ra c to r  op e ra to rs  pa id  by r e s u l t s  
than operators in f ie ld  t r i a l s  such  a s  th o s e  from w h ich  the  d a ta  on 
industrial t r a c to r  sn ig g in g  c a m e .  Tree leng th  e x tra c t io n  w ith  bunching
tractors and sk id d e rs  w ou ld  be th e  d e a r e s t  of a l l  the  m ethods c o n s id e re d .
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E ffic ien t shortw ood o p e ra t io n s  w ith  sk id d e rs  of 97 H .P .  eq u ipped  
w ith  load ing  booms w ould  be the  m ost e co n o m ica l  method for logg ing  
f i r s t  th in n in g s  at Bathurst in te rm s of both to ta l  labour req u irem en ts  
and c o s t  per unit volume for wood d e l iv e re d  to  r o a d s id e .  A ch ange  
to  t re e  leng th  logging m ight, how ever, be c o n s id e re d  for o ther 
r e a s o n s  su ch  a s  s a f e ty .  Shortwood c u t te r s  m ust lif t and carry  b i l le t s  
w e igh ing  up to  300 pounds  e a c h .  This a c t iv i ty  is  s tren u o u s  and 
in v o lv e s  r is k  of m uscu la r  in ju ry .  Shortwood c u t te r s  who a ttem pt 
to  trim branch  s tu b s  on b i l le t s  w h ile  ca rry in g  them  frequen tly  suffer 
axe  c u ts  to  th e ir  fo rea rm s .  Such a c t i v i t i e s  are  e l im in a ted  in t re e  
len g th  c u tt in g ,  w hich  shou ld  provide s a fe r  w orking  c o n d i t io n s .  A 
c h an g e  to  t re e  leng th  logg ing  might a l s o  be c o n s id e re d  if  i t  cou ld  
a llow  more eco n o m ica l  han d lin g  at the  mill y a rd .
Although the  shortw ood  logging  m ethod  a p p ea rs  to  be th e  more 
e co n o m ica l  for f irs t  th in n in g s  at B athurst, it may not be so  e l s e w h e r e .  
Shortwood logging cou ld  be dearer  if th e  b i l le t  leng th  w ere  sh o rte r  
th a n  e igh t fee t  b e c a u s e  more b i l le t s  w ould  be c ro s s c u t  and s ta c k e d  
from a g iven  volume of w ood and the  p ro d u c tiv i ty  of shortw ood 
e x tra c t io n  may be l im ited  by the  s e c t io n a l  a rea  of the  load c a r r ie d .  
Kerruish (1967) b e l ie v e s  th e  unit c o s t  of t re e  leng th  logg ing  would 
d e c r e a s e  a s  the  mean volum e per rem oved t re e  i n c r e a s e d .  If t h i s  
w ere  so , t re e  leng th  logg ing  o p e ra t io n s  might be more e co n o m ica l  th an  
shortw ood ones  in  p la n ta t io n s  w ith  h igher growth r a t e s  th an  at B athurst, 
or w here  a s ig n if ic a n t  p roportion  of f irs t  th in n in g s  w ere  d e lay e d  or w here  
the  sam e logging  m ethod must be u s e d  for both f irs t  and seco n d  th in n in g s .
PART II
STUDIES OF CUTTING PRODUCTIVITY
CHAPTER 5
DETAILED TIME STUDIES OF SAWLOG CUTTING
M o st  s aw lo g s  rem oved from A u stra l ian  p ine  p la n ta t io n s  come 
from th ird  or la te r  th in n in g s  or c lea r  f e l l in g s ,  the  c u tt in g  o p e ra t io n s  
be ing  o rg a n ized  s e p a ra te ly  from th o s e  in f ir s t  th in n in g s .  No 
s tu d ie s  of s aw lo g  c u t t in g  had been  made in A u stra l ia  before  the  
s tu d ie s  for th i s  part of th i s  t h e s i s  w ere  a rranged  but e a r l ie r  s tu d ie s  
of cu tt in g  in f i r s t  th in n in g s  p rov ided  an in tro d u c tio n  to  some of th e  
prob lem s in v o lv ed  in D e ta i le d  tim e s tu d y .  S ince  d a ta  c o l le c te d  by 
D e ta i le d  tim e s tu d y  co u ld  a ls o  p rov ide  o b s e rv a t io n s  for G ro ss  
D a ta  tim e s tu d y ,  th e  former te c h n iq u e  w as  u s e d  for the  f ie ld w o rk .
The s tu d ie s  w e re  a rran g ed  to  cover a s  w ide  a range  of t re e  
d im e n s io n s  and  s to c k in g  c o n d i t io n s  a s  p o s s ib le  but to  in te rfe re  
w ith  c u t t in g  o p e ra t io n s  a s  l i t t l e  a s  p o s s ib l e .  The f ie ld  p rocedure  
ado p ted  a l lo w ed  the  s tu d ie s  to  fit in w ith  th e  work m ethods u sed  
by th e  c u t t e r s .  Time s tu d ie s  w ere  made w h e rev e r  c u t te r s  h a p p en ed  
to  be w ork ing  a t  the  t im e ,  p rov ided  th e  s i te  w as  free from o b s t ru c t io n s  
su ch  a s  d e n s e  n a tu ra l  re g e n e ra t io n  or b lack b e rry  b u sh e s  and  the  
ground s lo p e  w a s  l e s s  th an  tw en ty  d e g r e e s .  The r e s t r ic t io n s  w ere  
im posed  to  co n f in e  sam pling  to  the  more im portan t ty p e s  of work
s i te  in p ine  p la n ta t io n s .
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Sawlog cu t t ing  o pe ra t ions  in the  con i fe rous  p la n ta t io n s  in New 
South W a le s  and the  Aust ra l ian  C a p i t a l  Terr i tory are conf ined  to  
s t a n d s  of prewar  p lan ted  r a d i a t a  p in e .  In New South W a l e s ,  such  
s t a n d s  are lo ca ted  near Bathurst ,  Tumut and Bombala.  They are 
now th inned  every  three  to  five yea r s  but p rev ious  th in n in g s  in 
some s t an d s  may have been i r r eg u la r .
Work methods  for sawlog  cu t t ing
Most  saw log  c u t t e r s  work a lone  but som et im es  two or th ree  
men work toge ther  a s  a t e a m .  Five to  t en  t r e e s  at  a t ime are  
f e l led  and s u c c e s s i v e l y  tr immed, m easu red  and d o c k e d .  Fell ing  
is  done with  cha in  s a w s .  Trimming in v o lv e s  cu t t in g  off a l l  
a c c e s s i b l e  b ra n c h es  w i th  an axe a s  c l o s e  to  the  s tem a s  p o s s i b l e .  
M easu r in g  in v o lv e s  s e l e c t in g  th e  s aw lo g s  to  be cut from e a c h  
fe l led  t ree  in a cc o rd a n c e  wi th  sawmil l  s p e c i f i c a t i o n s .  Each  sawlog  
leng th  i s  m easured  w i th  a l ight m easu r ing  s t i c k  and marked wi th  
an axe n ick  or lumber c ra y o n .  T rees  are th e n  dock ed  ( i . e .  c r o s s ­
cut) into log len g th s  w i th  a c h a in  s a w .  Logs may c o n ta in  two  or 
more sawlog  len g th s  w h ich  are  s u b s e q u e n t ly  docked  at  the  saw m i l l .  
M any  c u t t e r s  in s p e c t  th e i r  logs  af te r  ex t rac t io n , rem o v in g  any 
rem ain ing  branch s tu b s  b e c a u s e  s aw m i l le r s  may r e fu s e  logs  if 
branch s tu b s  are  le f t .  This work  is  c a l l e d  " s p i k i n g " .
C u t te r s  n eed  r e s t  pe r iods  from time to  t ime to  r eco v e r  from 
fa t ig u e .  Much of t h i s  r e s t  i s  t a k e n  during meal b reaks  which
c u t t e r s  t a k e  a s  they  p l e a s e .  In t ime s tu d ie s  made for t h i s  t h e s i s ,
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time requ ired  for r e s t  w a s  i n d i s t i n g u i s h a b l e  from time spen t  on a c tu a l  
meal  breaks»  Each cu t te r  or te am  of c u t t e r s  w a s  s tud ied  for at l e a s t  
one full  work ing day  to en su re  r e s t  and meal b reaks  were  a d e q u a te ly  
s a m p l e d .
From time to  t ime cu t t ing  work is  in te rrupted» Such in t e r ­
rup t ions  are  r ega rded  a s  "av o id ab le  d e l a y s "  m  work s tudy if 
th ey  could  be overcome by improved working  t e ch n iq u e  or be t te r  
o rgan iza t ion ;  o the rw ise  th ey  are  r eg a rd ed  a s  "unav o id ab le  d e la y s " »
In t ime s tu d ie s  for th i s  t h e s i s ,  d e l a y s  r e s u l t i n g  from a v a r i e ty  
of c a u s e s  were  rega rded  a s  u n av o id ab le ;  for exam ple  if  fe l l ing  
w as  d e lay ed  when  a t r e e ,  blown aw ay  from the  in ten d ed  fe l l ing  
d i rec t ion ,  became lodged in th e  crown of a s t an d in g  t r e e » Other 
unavo idab le  d e l a y s  are noted  in Appendix A. W hen ev e r  c u t t e r s  
a s s i s t e d  wi th  or were  h inde red  by o p e ra t io n s  other th an  cu t t ing  
or w a s t e d  t ime for no apparen t  r e a s o n ,  th e  r e s u l t i n g  d e lay  w as  
rega rded  as  a v o id a b l e .
Field p rocedu res  for the  s tu d i e s
The cu t t ing  o p e ra t ion  w a s  s u b - d i v i d e d  in to  e l e m e n t s  for 
D e ta i l e d  t ime s tu d y .  These  are  g iven  in Table  15. M ost  of the  
e l em en t s  are s e l f  e x p lan a to ry  but d e t a i l e d  d e f in i t io n s  are g iven 
in Appendix A. Since c u t t e r s  work ing  a s  a team  performed 
d i f ferent  e l em en t s  co ncu r ren t ly ,  e a c h  cu t te r  w a s  s tud ied  in d iv id u a l ly .
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TABLE 15
Elements  of sawlog  cu t t in g  o pe ra t ions
Sub-opera t ion Element Symbol
Fell ing C o l l e c t  to o l s 1
Walk to  t ree 2
In s p e c t  and prepare  to  fell 3
Saw 4
Remove s p l in t e r s  from butt of fe l l ed  t ree 5
Trimming C o l l e c t  to o l s 6
Walk  to  t ree 7
Trim b ran ch es 8
M easu r in g C o l l e c t  too l s .9
W alk  to  t ree 10
M ea su re  log leng ths 11
Docking C o l le c t  to o l s 12
W alk  to  log 13
C r o s s c u t 14
Spiking Spike 15
M i s c e l l a n e o u s Clear s l a s h  from outrow 16
C ha in  saw  m a in ten an ce 17
O rg a n iz a t io n a l  d e la y s 18
Rest and meal b reaks 19
The t ime s tudy  commenced at  the  cu tte r  s normal hour of 
s ta r t ing  and  g e n e ra l ly  f in i sh e d  w hen  be tw een  50 and 80 t r e e s  had 
been  c u t .  This  sampl ing  uni t  e n su r e d  e a c h  ope ra t ion  w a s  s tu d ied  for 
at  l e a s t  one full  work ing day,  inc lud ing  a ll  normal  meal b r e a k s . The 
s eq u e n c e  of e l em en t s  performed by the  cu t te r  w a s  o bse rved  and the
time ta k en  to  perform e a c h  e lem en t  w a s  m easu red  to  the  n e a r e s t  one
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hundredth  of a minute w i th  a s to p w a tch  hav ing  a sp l i t ,  f l y - b a c k  hand» 
As e a c h  t r ee  w a s  fe l led ,  an a d h es iv e  labe l  bear ing  an iden t i ty  number 
w as  a t t a c h e d  to  i t s  butt end
Two m easu re r s  accom pan ied  the  t ime s tudy  off icer . W h i l s t  
e a c h  fe l led  t r e e  w as  tr immed, one measurer  m easu red  i t s  over bark 
diameter at th e  butt ,  the  b rea s t  he ight  poin t  and at t e n  feet  i n t e r ­
v a l s  a long  the  s tem to  the  limit of tr imming .  D iam ete rs  were  
m easu red  to  the  n e a r e s t  t e n th  of an inch  w i th  c a l i p e r s .  The bark 
t h i c k n e s s  at  e a c h  of t h e s e  poin ts  w a s  a l s o  m easu red  to  the  
n e a r e s t  t e n th  of an inch  from a s in g le  i n s e r t io n  of a bark g a u g e .
W hen  s aw lo g s  were  do ck ed ,  their  l eng ths  w ere  m easured  to  the  
n e a r e s t  foot .
The seco n d  measurer  m easured  a s y s t e m a t i c  sample  of the  
b ranch  kno ts  r e s u l t i n g  from trimming S ta r t ing  from th e  butt  of e a c h  
t r ee ,  every  fourth whorl  of b ranches  on th e  m erchan tab le  s tem w as  
s a m p le d .  The d iameter  c f  e ach  branch  knot on the  to p s id e  of the  
s tem at  the  sam ple  whorl  w as  m easu red  to  th e  n e a r e s t  t e n th  of an 
inch pe rpendicu la r  to  the  a x i s  of the  t r e e .  The b ranch  m easu rem en ts  
were  u s ed  for s p e c i a l  s tu d i e s  of tr imming work by D e ta i l ed  t ime s tu d y ,
At the  c o n c lu s io n  of each  s tudy a r ec tangu la r  plot ,  u s u a l l y  
12 0 by 180 fee t ,  w a s  la id  out in the  middle  of the  a rea  from which, 
t r e e s  had  been  rem oved .  The b re a s t  he igh t  d iam e te r  of e a c h  s tand ing  
t ree  in the  plot  w a s  m easu red  to  e s t i m a te  th e  r e s i d u a l  b a s a l  a rea  
and the  number of f resh  s tumps w a s  co un ted  to  a s s e s s  the  number
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of t r e e s  removed per a c r e .  The h e ig h t s  of what  seem ed  to  be the  
five t a l l e s t  t r e e s  s tand ing  in or c lo s e  to  the  plot  were  m easu red  and 
th e  mean he ight  of the  th ree  t a l l e s t  of t h e s e  five w as  u s ed  as  an 
e s t im a te  of the  predominant  h e igh t  in the  p lo t .  The ground s lope  
w a s  a l s o  m easu re d .
The m erchan tab le  sm al l  end s e c t io n  a rea  (hereaf ter c a l l e d  
th e  smal l  end  area) of e a c h  t r e e  f e l l ed  in the  s tudy  w as  e s t im a te d  
by in te rpo la t ion  from the  m e as u re m e n t s  made a long  i t s  s tem,  a ssum ing  
l inear taper  be tw een  e ac h  a d j a c e n t  pa ir  of m easurem ent  p o in t s .
The underbark  m erchan tab le  volume (hereaf te r  c a l l e d  the  volume) of 
e a c h  fe l led  t ree  w as  e s t i m a te d  from i t s  b re a s t  he igh t  d iam eter ,  smal l  
end  d iam eter  and the  p redominant  he igh t  of the  s tand  u s in g  a t ree  
volume equa t ion  for r a d i a t a  p ine  p repa red  by the  Fores t ry  
C o m m iss io n  of New South W a le s :
V = ( 2 c92359 + 0 .00733  J2 -  0 .0 5 6 6 3  E + 0 ,001816  J2 E )
K K2x ( 1 .0  + 0 .2 4 8 8  j  -  1 .0 3 3  5 j 2  )
where  V d e n o te s  volume in cu b ic  fee t
J d e n o te s  b reas t  he igh t  d iameter  in i n c h es  
K d e n o te s  smal l  end d iam eter  in in c h e s  
E d e n o te s  p redominan t  he igh t  in f e e t .
Volumes e s t i m a te d  from th e  t r ee  volume e q u a t io n  were  u sed  
to  e x p r e s s  the  output from c u t t in g  o p e ra t io n s  during the  s t u d i e s .  
Another e s t im a te  of the  underbark  m erch an tab le  volume of e a c h  
fe l led  t r ee  w a s  made from the  m e a s u re m e n t s  at po in ts  a long i t s  
s tem u s in g  S m a l i a n ' s  formula.  These  m easu red  vo lum es  were  u sed
to  c h ec k  the  p r e c i s io n  of the  t r e e  volume e q u a t io n .
*Both the tree volume equa t ion  and the f ie ld  m easu rem en ts  only 
provide e s t i m a t e s  of a c tu a l  m e rch an tab le  volume; however ,  the field 
m easu rem en ts  probab ly  give a more p r e c i s e  e s t im a te  than  the tree 
volume e q u a t i o n .  The tree volume e q u a t io n  w as  u s e d  in co ns t ruc t ing  
the model of c u t t in g  p roduc t iv i ty  b e c a u s e  i t  r e l a t e s  volume / c o n t .
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The to ta l  t ime spen t  on e a c h  e lem en t  of the  cu t t ing  opera t ion  
in e a c h  s tudy plot w a s  determined» D e lay s  were  c l a s s i f i e d  a s  
avo idab le  or uriavo.dabie  and the  t ime for any unavo idab le  d e lay  
a s s o c i a t e d  w i th  a s p e c i f i c  e lem en t  w a s  added  to  the  t ime for tha t  
e l e m e n t .  The remaining  unavo idab le  d e l a y s  had gene ra l ly  been  
c a u s e d  by superv iso ry  a c t i v i t i e s  and were  grouped toge ther  as  
"o rg a n iza t io n a l  d e l a y s " .  Avoidable  d e l a y s  w ere  d i s r e g a r d ed  in 
the  t ime s tudy  a n a l y s e s  b e c a u s e  th e y  c o n s i s t e d  of t ime spen t  on 
o p e ra t io n s  other than  c u t t in g .
Where  c u t te r s  had  h e lped  to  e x t ra c t  logs  to  r o a d s id e ,  the  
t ime spen t  on r e s t  and meal b reaks  dur ing  cu t t in g  a lone  R' w a s  
e s t i m a te d  from the  t ime spent  on r e s t  and meal  b reaks  during cu t t ing  
and e x t ra c t io n  R, the  t ime spen t  on a c tu a l  cu t t in g  C and the  t ime 
sp en t  on a c tu a l  e x t ra c t io n  E, It w a s  a s s u m e d  tha t  cu t t ing  and 
e x t r a c t io n  were  e q u a l ly  s t ren u o u s  and tha t
R'' R x C+E
The to ta l  t ime for e a c h  e lem en t  in e a c h  s tudy plot  w as  
d iv ided  by the  number of t r e e s  f e l led  in th e  plot  to  de te rm ine  the  
mean  e lem en t  t ime per t r e e .  The s tan d  m e asu re m e n ts  and t ime 
s tudy  d a ta  are g iven  in A ppend ices  G and H ,
R esu l t s  by D e ta i l ed  t ime s tudy
The e f f e c t s  of s tand  v a r i a b l e s  on the  mean t ime  per t ree  for 
e a c h  e lem en t  of cu t t ing  were  s tu d ie d  by r e g r e s s i o n  a n a l y s i s .  Stand
*To o ther  s tand  v a r i a b l e s  such  a s  b r e a s t  h e ig h t  d iam e te r .  In us ing  the 
cu t t ing  p roduc t iv i ty  model for p red ic t ive  pu rp o ses  the s tan d  c h a r a c t e r i s t i c s  
requ ired  to de termine  mean volume per removed tree could  be ob ta ined  
from sample  p lo t  r e c o r d s .  O the rw ise  i t  w ould  be n e c e s s a r y  to fell  sample  
t r ee s  and m easu re  them to dete rmine  the ir  v o lu m e s .
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v a r i a b l e s  which  might have  a f fec ted  e a c h  e lem en t  were  c h o se n  
in i t i a l ly  from th o s e  in Table  16, u s in g  the  r e s u l t s  of p rev ious  s tu d ie s  
and common s e n s e  for g u id a n ce .
TABLE 16 
Stand v a r i a b l e s
Stand va r iab le  Symbol
M ean  b a sa l  a rea  per removed t ree  (in square  feet) A
D iam eter  e q u iv a len t  to  A (in inches )  B
M ea n  smal l  end a rea  (in square  feet) C
Diam eter  e q u iv a len t  to  C (in inches)  D
Predominant he igh t  (in feet) E
Number of t r e e s  removed per  acre  F
Number of t r e e s  per acre  s tan d in g  before th in n in g  G 
M ean  leng th  of logs  cut (in feet) H
Ground s lope  (in degrees)  I
The co n s ta n t  and r e g r e s s i o n  c o e f f i c i e n t s  of the  equ a t io n  
f ina l ly  c h o se n  for e a c h  e lem en t  are  g iven  in Table  17.  Each 
r e g r e s s io n  c o e f f ic ien t  w as  s ig n i f ic an t  at  th e  95 per cen t  lev e l  
of p robab i l i ty .
Symbols u sed  in Table 17 for e l e m e n t s  and s tan d  v a r i a b le s  
are  in te rp re ted  in Tab les  15 (page 51 ) and 16 r e s p e c t i v e l y .
Two r e s u l t s  are  g iven for e lem en t  5; tha t  marked * a p p l i e s  where  
A 1 square  foot and is  b a s e d  on e igh t  o b s e r v a t io n s ;  tha t  marked 
' a p p l i e s  where  A >  1 square  foot and is  b a se d  on s ix te en  ob se rv a t io n s .
All o ther  r e s u l t s  are b a se d  on tw en ty  four o b s e r v a t i o n s .
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TABLE 17
R esu l t s  of D eta i led  t ime s t u d i e s  of saw log  cu t t ing
Element  C o n s ta n t  C o e f f i c i e n t s  of s ig n i f ic a n t  s tan d  v a r i a b l e s  C or re la t ion  
Symbol A B D E H F C o ef f ic ien t
1 0 . 1 4
2
oo
1 . 6 1 0 . 6 7
( + 0 . 38 )
3 0 . 0 2
•—* 
o
0 . 5 2
( + 0 . 05 )
4 - 0 . 2 9 0 c 82 0 . 7 9
( + 0 . 1 4 )
5*
ooo
5' - 0 . 1 3 0 . 1 3 o cn 00
( + 0 . 0 4 )
6 0 . 1 5
7 0 . 0 9 1 . 2 2 0 ,41
( + 0 . 5 7 )
8 - 0 . 2 1 0 . 6 2  - 0 . 7 0 0 . 9 1
( + 0 . 0 6 )  ( + 0 . 1 5 )
9 0 o 14
10 0 . 2 4
11 0 . 1 2
LOLT>
O
0 . 6 3
( + 0 . 15 )
12 0 . 1 9
13 - 0 . 4 7 0 . 0 0 9 4 0 . 4 1
( + 0 . 0 0 4 5 )
14 0 . 4 9 1 . 0 7  - 0 . 0 5 8 0 . 6 9
( +0 . 27 )  ( + 0 . 0 2 4 )
15 0 . 1 0
16 0 . 2 9
17 - 0 . 1 5 0 . 5 6 0 . 5 7
( +0 . 17 )
18 0 . 3 2
19 - 0 . 1 1 2 . 6 0 0 . 4 5
( + 1 . 1 2 )
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D i s c u s s i o n  of the  r e s u l t s  for e ac h  e lem en t
C o l l e c t  t o o l s  for fe ll ing ,  tr imming, m easur ing  or docking;
Common s e n s e  s u g g e s t s  the  work methods  of in d iv idua l  c u t t e r s  
a f fe c ted  t ime  spen t  on t h e s e  e l em en t s  (1, 6, 9, and 12) more th an  
any s tan d  c h a r a c t e r i s t i c .  M ean  t im e s  per t ree  for c o l l e c t i n g  to o ls  
w ere  c a l c u l a t e d  s ep a ra te ly  for e a c h  s u b - o p e r a t io n  b e c a u s e  d if ferent 
to o l s  w ere  r e q u i r e d .  The mean t im es  per t ree  for c o l l e c t in g  to o l s  
for fe l l ing ,  tr imming and m easu r ing  were  about e q u a l  but l e s s  than  
th e  mean t im e s  per t ree  for c o l l e c t in g  to o l s  for d o c k in g ,
W a lk  to  t r e e  for fe l l ing ,  tr imming or m easur ing :
Dur ing fe l l ing ,  c u t t e r s  w a lk ed  from the  stump of e a c h  newly  
fe l led  t ree  to  the  next t ree  to  be f e l l e d .  In order to  avoid  o b s t a c l e s  
and s e a r c h  for other t r e e s  marked for f e l l ing ,  th e y  cou ld  not 
fo llow th e  s h o r t e s t  pa th  from t r e e  to  t r e e  e x a c t ly  but it i s  r e a s o n a b le  
to  a s su m e  th e y  t r i ed  to  do s o .  The e l em en t  "walk  to  t r e e "  w as  
r e p e a t e d  dur ing  tr imming and m e a s u r in g .  C o n d i t io n s  for w a lk ing  
d i f fered  in e a c h  i n s t a n c e .  Logging s l a s h  i n c r e a s e d  a s  cu t t ing  work 
p ro g r e s se d  and w h i l s t  a cha in  saw  w e igh ing  any th ing  from 15 to  30 
pounds  w a s  ca r r ied  for fe l l ing ,  only  l ight hand to o l s  such  a s  a 3 
pound axe  w ere  requ i red  for tr imming and m e asu r in g .  Furthermore,  
c u t t e r s  cou ld  so  a rrange a group of t r e e s  by carefu l fe l l ing  tha t  the  
w a lk in g  d i s t a n c e  b e tw een  them would  be re d u c ed  during s u b se q u e n t
sub  -  o p e r a t i o n s ,
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Theore t ica l  r e s u l t s  p u b l i sh e d  by M ate rn  (1960) s u g g e s te d  that  
if removed t r e e s  were  sp ac e d  at the  i n t e r s e c t i o n  of a ne twork  of 
sq u a res  or e q u i la te r a l  t r i an g le s  or in a squa re  ne twork  w i th  one 
randomly  lo ca ted  t ree  in e a c h  squa re ,  t h e  a v e rag e  d i s t a n c e  be tween  
a d ja c e n t  removed t r e e s  a long the  s h o r t e s t  pa th  p a s s i n g  th rough 
them all  would  be the  unit of length  w h ich ,  w hen  squared ,  g ives  
the  average  unit  a rea  per removed t r e e .  Assuming walk ing  t ime 
is  propor t ional  to  the  d i s t a n c e  w a lk e d  on e a c h  o c c a s i o n  and the  
s h o r t e s t  pa th  be tw een  removed t r e e s  i s  fo llowed,  mean walk ing  
t ime per t ree  should  be in v e r se ly  p ropor t iona l  to  the  squa re  root 
of the  number of t r e e s  removed per a c r e .
The de r ived  r e g r e s s io n  model w as  s ig n i f ic a n t  for th e  e lem en ts  
"walk  to  t r e e "  for fe ll ing  (2) and "walk  to  t r e e "  for tr imming (7) 
but not "walk  to  t re e "  for m easu r ing  (10).
I n s p e c t  and prepare  to  fe il ,  and Saw:
Both t h e s e  e l em en t s  (3 and  4) were  s ig n i f i c a n t ly  a f fec ted  by 
mean b a s a l  a rea  per removed t r e e ,  co r robora t ing  r e s u l t s  ob ta ined  by 
Samset e t  al  ( 1969) „ N e i ther  e lem en t  w a s  s ig n i f i c a n t ly  a f fec ted  by 
the number of t r e e s  per acre  before  th in n in g ,  s u g g e s t in g  c u t t e r s  
were  su f f ic ie n t ly  sk i l l ed  in d i r e c t io n a l  fe l l in g  to  avoid  lodg ing t r e e s .
Remove sp l in te r s  from butt of f e l led  t ree :
Appreciable  butt sp lin te r s may form if a t r e e  f a l l s  before it has
been a d eq u a te ly  sawn through,  i . e ,  cu t  so  tha t  only  a narrow hinge  up
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to  one inch wide  rem ains  uncut b e tw een  the  back  and fore c u t s .
Butt sp l in te r ing  is  most, l ike ly  to  occur w hen  a large t r ee  i s  fe lled  
in i t s  d i rec t ion  of l e an .  The s t r e s s e s  c r e a t e d  in  fe l l ing  such  a 
t ree  are c o n s id e ra b le  and very  p r e c i s e  fe l l ing  t e c h n i q u e s  are 
requ ired  to  avoid  butt sp l in te r in g .
It w a s  not n e c e s s a r y  to  remove s p l in t e r s  from the  butt of 
every  t ree  fe l led  for the  study; often th ey  were  a b se n t  or n e g l ig ib le .  
The mean t ime per t ree  for removing  s p l in te r s  (e lement 5) w a s  p lo t ted  
a g a i n s t  the  mean b a sa l  a rea  per removed  t r ee  (Figure 4 ) .  It w as  
s ee n  tha t  the  mean t ime per t r e e  w a s  n e g l ig ib le  when th e  mean 
b a s a l  a rea  per removed t ree  w a s  l e s s  than  1 square  foot,  s u g g e s t in g  
butt  sp l in te r s  were  rare  o c cu r r e n c e s  in su ch  s t a n d s .  As the  mean 
b a s a l  a rea  per removed t ree  i n c r e a s e d  above  1 square  foot,  the  
mean t ime per t ree  in c r e a s e d  p ro p o r t io n a t e ly .  A r e g r e s s i o n  of 
mean t ime per t ree  for the  e lem en t  on mean b a s a l  a rea  per removed 
t ree  w a s  c a l c u l a t e d  from d a ta  on sample  p lo t s  in which  the  lat ter  
w a s  greater th an  1 square  foot .
Trim b ranches :
Spec ia l  s t u d i e s  of tr imming (Appendix I) showed  mean t ime 
per t r e e  for th i s  e lem ent  (8) w a s  r e l a t e d  to  the  mean v a lu e  per 
t r e e  of the  a g g reg a ted  d ia m e te r s  of knots  r e s u l t i n g  from trimmed 
b r a n c h e s .  Another s tudy  showed r a t e s  of tr imming d ead  and l ive 


















MEAN BASAL AREA PER REMOVED TREE 
(square  feet)
FIGURE 4
TIME SPENT REMOVING SPLINTERS FROM BUTTS OF FELLED TREES
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and Cromer and Paw sey  (1957) in d ic a ted  the  t h i c k n e s s  of b ran ch es  
in  r a d i a t a  pine could  be re l a t ed  to b re a s t  he ight  d iam eter  and t a p e r .
It w a s  found tha t  the  d iam e te r s  e q u iv a l en t  to  mean b a s a l  a rea  
per removed t ree  and mean smal l  end a rea  s ig n i f ic a n t ly  a f fec ted  the  
mean t ime per t ree  for trimming b r a n c h e s .  Small  end d iam eter  
p rov ides  a m easure  of taper  for a g iven  b re a s t  he igh t  d ia m e te r .
The d iameter  eq u iva len t  to mean sm al l  end  a rea  had  a n eg a t iv e  
r e g r e s s i o n  co e f f ic ien t ,  in d ica t ing  i n c r e a s e d  t a p e r  of the  m e rc h an t ­
ab le  s tem re s u l t e d  in in c r e a s e d  tr imming t im e .  The ra te  of taper  
a f f e c t s  the  pos i t ion  of the  lower boundary  of the  green  crown but 
t h i s  would not a f fec t  trimming t im es  s in ce  d ead  b ran ch es  of r a d ia t a  
p ine  are very  p e r s i s t e n t  and r a t e s  of tr imming d ead  and l ive  
b ran ch es  do not d i f fer .  However,  branch  f requency  ( i . e .  number 
per unit  length) i n c r e a s e s  a long th e  s tem  from butt  to  t i p .  The 
g rea te r  the  taper  of the  m erchan tab le  s tem,  the  more the  b ran ch es  
t o  be tr immed, and the  longer  the  tr imming t im e .
M ea su re  log lengths :
This e lem ent  (11) involved w a lk ing  a long e a c h  fe l led  t ree  in 
turn,  m easur ing  s u c c e s s i v e  log len g th s  from the  butt  and marking 
them off.  It appea red  l ike ly  tha t  the  mean t ime per t ree  for the  
e lem en t  depended  on mean m erchan tab le  leng th  per removed t r e e .  
R eg res s io n s  of the  mean t ime per t ree  for the  e lem en t  on two s tand  
v a r i a b l e s  r e l a t ed  to  mean m erch an tab le  leng th  were  t e s t e d .  Both
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r e g r e s s i o n s  were  s ig n i f ic an t  but the  r e g r e s s i o n  on one of th e  s tand  
v a r i a b l e s ,  mean b a s a l  a rea  per removed t r e e ,  w a s  more h ighly  
s ig n i f ic a n t  than  the  r e g r e s s io n  on the  o ther ,  predominant h e ig h t .  
C u t t e r s  may have  spen t  longer m easur ing  t r e e s  of g rea te r  b a s a l  a rea  
b e c a u s e  measur ing  e a c h  log leng th  a l s o  invo lved  g rad ing .  Sawlogs  
are s p ec i f i e d  by length  and grade ,  g rades  being la rge ly  b a se d  on 
smal l  end d iam eter  wi th  bigger d ia m e te r s  hav ing  be t te r  g r a d e s .  The 
grea ter  the  mean b a s a l  a rea  per removed t r e e ,  the  g rea te r  th e  number 
of a l t e rn a t iv e  g rades  w h ic h  could  be cu t from e a c h  ind iv idua l  t r e e ,  
and the  grea te r  the  amount  of grading work invo lved  in m easu r in g .
W a lk  to  log:
In docking , c u t t e r s  u s u a l ly  w a lked  a long  e a c h  fe l led  t ree  in 
turn making c r o s s c u t s  w here  n e c e s s a r y .  The mean t ime per t ree  for 
t h i s  e lem ent  (13) could  have  d epended  on mean m erchan tab le  length  
per removed t ree  and w a s  found to  be s ig n i f i c a n t ly  a f fec ted  by 
predominant he igh t ,  a s tan d  v a r ia b le  r e l a t e d  to  mean m erchan tab le  
length  per removed t r e e .
C ro s sc u t :
Common s e n s e  s u g g e s t e d  mean t ime per t r e e  for t h i s  e lem en t  (14) 
w a s  l ike ly  to depend  on mean b a s a l  a rea ,  mean t a p e r  per removed t ree  
and th e  mean length  of logs  c u t .  It w a s  found the  fi rs t  and l a s t  of 
t h e s e  v a r i a b le s  had s ig n i f i c a n t  e f f e c t s  but mean smal l  end a re a ,  a
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m easu re  of t a p e r  for t r e e s  wi th  a g iven  mean b a s a l  a rea ,  had  no 
s ig n i f ic an t  e f f e c t .
Spike, and C le a r  s l a s h  from outrow:
Time sp en t  on t h e s e  e lem en ts  (15 and  16) seem ed  to  have  been  
a f fec ted  by fe l l ing ,  trimming and sn igg ing  methods  ra the r  th a n  s tan d  
c h a r a c t e r i s t i c s  . Thus the  mean t ime per t ree  for e a c h  e lem en t  w as  
c a l c u l a t e d  and  u s e d .
C ha in  saw  m a in ten an ce :
Common s e n s e  su g g es te d  th i s  e lem en t  (17) w a s  probab ly  
r e l a t e d  to  th e  amount of sawing and c r o s s c u t t i n g  done and it w as  
found tha t  mean b a s a l  a rea  per removed t r e e ,  w h ich  s ig n i f ic a n t ly  
a f fec ted  mean t im e s  per t ree  for the  e l e m e n t s  " saw "  and " c r o s s c u t " ,  
a f fe c ted  th e  mean t ime per t ree  for c h a in  saw m a in tenance  a s  w e l l .
No r e g r e s s i o n s  on other s tand  c h a r a c t e r i s t i c s  were  a t tem p ted  for 
t h i s  e l e m e n t .
O rg a n iz a t io n a l  d e lay s :
Common s e n s e  su g g e s te d  the  s u p e r v i s io n  and o rg an iza t io n  of 
logg ing o p e ra t io n s  (element 18) w a s  g e n e ra l ly  car r ied  out in d ep en d en t ly  
of d i f f e r en c es  b e tw ee n  s t an d s ,  hence  no r e g r e s s i o n s  on s tand
c h a r a c t e r i s t i c s  w ere  a t t e m p ted .
ö4
Rest and meal b reaks :
M ean  b a s a l  a rea  per removed t ree  s ig n i f i c a n t ly  a f fec ted  the  
mean t ime per t r e e  for r e s t  and meal  b reaks  (e lement 19) . This  w as  
log ica l  b e c a u s e  mean t im es  per t ree  for th e  e lem en ts  " saw "  and 
" c r o s s c u t "  w ere  s ig n i f ic an t ly  a f fe c ted  by mean b a s a l  a rea  per 
removed t r ee  and the  mean t ime per t ree  for the  e lem en t  "trim 
b ra n c h es "  w a s  s ig n i f i c a n t ly  a f fec ted  by th e  d iam eter  e q u iv a len t  to 
mean b a s a l  a rea  per removed t r ee ,  t h e s e  being  th ree  of th e  most 
s t r en u o u s  and  t ime consuming e lem en t s  of c u t t in g .
The e f fec t  of o b s t ru c t io n s :
R esu l t s  p r e s e n te d  above were  ob ta ined  in s t a n d s  from which  
o b s t ru c t io n s  s u c h  a s  d e n s e  undergrowth ,  na tu ra l  re g e n e ra t io n  or 
hardwood d e b r i s  w ere  la rge ly  a b s e n t .  The p r e s e n c e  of any of t h e s e  
o b s t ru c t io n s  cou ld  hinder walk ing  th rough a s tan d  and tool c o l l e c t i o n .  
Na tu ra l  r e g e n e r a t io n  and undergrowth  t a l l e r  than  the  he ight  of a man 
could  a l s o  h inder  the  reco g n i t io n  of t r e e s  marked for removal  and 
l imit  the  c h o ic e  of fe l l ing  d i r e c t io n .  O b s t ru c t io n s  around the  b a se  
of a t r e e  would  have  to  be cut  away  before  fe l l ing  could  com m ence .
O b s t ru c t io n s  could  in c r e a s e  the  t ime spen t  on va r io u s  e lem en ts  
of cu t t ing  or i n c r e a s e  fa t igue  in c u t t e r s ,  n e c e s s i t a t i n g  longer r e s t  
b r e a k s .  R ese a rch  i s  n eed ed  in t h i s  rega rd  b e c a u s e  prewar p la n ta t io n s  
w i l l  become more open w i th  con t inued  heav y  th inn ing ,  and d e n s e  unde r­
growth or n a tu ra l  r e g e n e ra t io n  cou ld  d e v e lo p .
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The e f fec t  of ground s lope :
In s e l e c t i n g  sam ple  p lo t s ,  ground s lo p e  had been  l imited  to  a 
maximum of tw e n ty  d e g r e e s .  Samset  et aj. (1969) found t im es  per 
t r e e  for c u t t in g  Norway sp ruce  s aw lo g s  i n c r e a s e d  w i th  ground s lo p e .  
From S a m s e t ' s  r e s u l t s  a d e c r e a s e  in cu t t in g  p roduc t iv i ty  of about  
8 per cen t  w ou ld  be e x p e c t e d  on a tw en ty  d eg ree  s lope  compared  with  
flat  g round .  A g rea te r  d e c r e a s e  would  be e x p e c t e d  if t r e e  leng th  
logs  w ere  c u t .  W h i t e l e y  (1971) m easu red  the  p roduc t iv i ty  of a 
team  of two men c u t t in g  t ree  length  logs  of r a d i a t a  pine in d e lay ed  
f i r s t  th in n in g s  on five  d i f fe ren t  s l o p e s .  C u t t ing  p roduc t iv i ty  on a 
s ix te en  d eg ree  s lo p e  w a s  30 per cen t  l e s s  than  tha t  on fla t  ground 
but the  t rend  of d e c r e a s i n g  produc t iv i ty  on tw e n ty - th r e e ,  tw e n ty -n in e  
and t h i r t y - s i x  d e g re e  s lo p e s  s u g g e s t e d  p roduc t iv i ty  on the  s ix te e n  
degree  s lope  w a s  abnorm a l ly  low and should  have  been  only  10 per 
cen t  l e s s  th a n  th a t  on fla t  ground.
T hese  r e s u l t s  s u g g e s t  ground s lope  may af fec t  cu t t ing  
p roduc t iv i ty  but no s ig n i f i c a n t  e f fe c t s  were  .found on s lo p e s  l imited  
to  a maximum of tw e n ty  d e g r e e s .
Es t imat ing  work ing  t im e  for cu t t ing
The working  t ime req u i red  for cu t t ing  w a s  de te rm ined  by 
agg rega t ing  r e s u l t s  of th e  D e ta i l e d  t ime s t u d i e s .  All the  c o n s t a n t s  
and c o e f f i c i e n t s  in Tab le  17 (page 56 ) , e x p r e s s in g  e f f e c t s  of s tand
v a r i a b l e s  on e l e m e n t s  of s aw log  cu t t ing ,  were  combined  to  ob ta in  an
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equ a t io n  for the  agg rega te  e f f e c t s  of s tan d  v a r i a b l e s  on mean cu t t ing  
t ime per t r e e . The equa t ion  was:
T = 1 .13  + 5 .74  A + 0 .62  B -  0 . 7 0 D  + 0 .0094  E -  0 .0 5 8  H 
+ 2 .8 3  “  -  0 .13  L + 0 .1 3  A L
where  T d e n o te s  mean cut t ing  t ime per t r e e  in minu tes  and a ll  other
symbols  e x c e p t  L are  def ined  in Table  16 (page 55 ); L t a k e s  the
v a lu e  0 w hen  A is  l e s s  than  or equa l  to  1 square  foot and the
v a lue  1 o th e r w i s e .  This equa t ion  cou ld  be u s e d  to  e s t i m a te  working
time in man m inutes  requ ired  for saw log  cu t t in g  o pe ra t ions  in any s tand
w h o se  c h a r a c t e r i s t i c s  l ie w i th in  appropr ia te  l im i t s .
To ob ta in  a m easure  of th e  p re c i s io n  of e s t i m a t e s  of mean  cu t t ing
2
t ime per t r e e  from the  above equ a t io n ,  the  r e s i d u a l  v a r i a n c e ,  cr^ , w as  
c a l c u l a t e d .  The eq ua t ion  for mean cu t t ing  t ime per t r e e  w a s  the  
a g g re g a te  of s ev e ra l  r e g r e s s io n  eq u a t io n s  for mean e lem en t  t im e s  per 
t r e e .  If t h e s e  e lem en ts  were  t ru ly  in d ep en d en t  of one ano ther ,  the  
v a r i a n c e  of mean cu t t ing  t ime per t ree  would  be the  sum of th e  e lem ent  
v a r i a n c e s  for a l l  e lem en ts  of cu t t ing ;
i = I
i =1
The e lem en t  t ime r e g r e s s i o n s  o b ta ined  by D e ta i l ed  t ime s tu d ie s  above 
were  not independen t ,  however,  b e c a u s e  e a c h  cu t te r  had performed 
e lem en t s  s e q u e n t i a l l y .  The c o v a r i an c e  of every  pa ir  of e l em en t s  
(i and j say) ,  w h ich  were  not ind ep en d en t  of e a c h  other,  had therefore
to  be added  to  the  sum of the  e lem en t  v a r i a n c e s  giving;
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The re s id u a l v a r ia n c e s  and c o v a ria n c e s  ( i . e .  v a r ia n c e s  and
c o v a ria n c e s  re m a in in g  a fte r the  e ffe c ts  o f s tand  v a r ia b le s  on mean
e lem en t t im e s  per tree  had been taken  in to  accoun t) are g iv e n  in
2
A ppend ix  J. The re s id u a l va ria n ce ' c r^  o f e s tim a te s  o f mean c u tt in g  
tim e  per tre e  w as 9 . 02  squared man m inu tes  per t re e .
E s tim a tin g  o u tp u t from  c u tt in g
The o u tp u t from  c u tt in g  o p e ra tio n s  is  com m on ly  exp resse d  in  
te rm s o f v o lu m e . Volum es o f rem oved tre e s  w ere  e s tim a te d  from  the  
tre e  vo lum e e q u a tio n  (page 53 ) . The p re c is io n  o f such an e s tim a te  
w as c a lc u la te d  from  the  re s id u a l v a r ia n c e  o f th e  tre e  vo lum e e q u a tio n . 
D ire c t e s tim a te s  o f the  v a r ia n c e  o f the  tre e  vo lum e e q u a tio n  w e re , 
how ever, no t a v a i la b le . An a p p ro x im a tio n  o f the  re q u ire d  v a r ia n c e  
w as made fo r use in  th is  th e s is .
The tree  vo lum e equ a tio n  had been prepared from  m easurem ents 
on 2 087 tre e s  o b ta in e d  by fe l l in g  a l l  tre e s  in  num erous one te n th  acre  
p lo ts .  The e q u a tio n  is  a c tu a lly  the  p rodu c t o f tw o  separa te  re g re s s io n  
e q u a tio n s  e s tim a te d  from  the same d a ta . The f ir s t  re g re s s io n  
e q u a tio n  exp resse s  to ta l tree  vo lum e as a fu n c t io n  o f tw o  h ig h ly  
s ig n if ic a n t  v a r ia b le s ; the  b reast h e ig h t d iam e te r o f the  tree  and the
predom inan t h e ig h t o f the  s ta n d . The re g re s s io n  has a c o e f f ic ie n t  o f
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2
d e te rm in a t io n  (R ) of 0 .9 8  and a s tan d a rd  error of + 5 cu b ic  f e e t .  The 
s eco n d  r e g r e s s i o n  eq u a t io n  e x p r e s s e d  the  ra t io  of m erchan tab le  to  
to ta l  volume a s  a func t ion  of the  smal l  end  and b re a s t  he igh t  d iam e te r s  
of the  t r e e .  This  r e g r e s s io n  h a s  a c o e f f ic ien t  of d e te rm ina t ion  of 0 .95  
and a s tan d a rd  error of + 0 . 0 6 .
For a g iven  smal l  end  d iam eter ,  the  v a r i a n ce  of an e s t im a te  
from the  t r ee  volume eq u a t io n  should  be
2 2 2 2 2
cr , = o - r .  N + or* M + 2 c r . . .T MNV M N MN
where  an e s t i m a te  of m erch an tab le  volume V (with v a r i a n c e  cr^) is
2
the  product of an e s t i m a te  of t o t a l  volume M (with v a r i a n c e  c r ^ )
and an e s t i m a te  of the  r a t io  of m erch an tab le  to  t o t a l  volume N (with 
2
v a r i a n c e  c r . T) . The c o v a r i a n c e  oi ___ of M and N should a l s o  be N MN
ta k e n  in to  acc o u n t  (see  Appendix K). S tandard  errors  for the  
r e g r e s s i o n s  of t o t a l  volume and the  ra t io  of m erchan tab le  to  t o t a l  
volume in th e  t r e e  volume equ a t io n  have  been  g iven  but th e  c o v a r ian ce  
be tw een  t h o s e  r e g r e s s i o n s  ha s  n o t .  The c o v a r i a n c e  could  only  be 
de te rm ined  from the  o r ig ina l  se t  of o b s e r v a t io n s ,  w h ich  w a s  not 
r e a d i ly  a v a i l a b l e .
Since th e  v a r i a n c e  of the  t r e e  volume e q u a t io n  could  not be 
de te rm ined  from i t s  so u rc e  d a ta ,  it w a s  in d e p en d e n t ly  e s t im a te d  from 
vo lum es  of t r e e s  fe l led  in the  s tu d i e s  for t h i s  t h e s i s .  D a ta  on a ll  
t r e e s  fe l led  and m easu red  were  pooled  and  grouped in to  five c l a s s e s ,  
e a c h  c o n ta in in g  ap p rox im a te ly  one  fif th of the  to t a l  m easu red  volume . 
The volume of e a c h  t ree  w a s  a l s o  e s t i m a te d  from the  t ree  volume
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e q u a t io n  and sub t rac ted  from th e  m easu red  volume to  ob ta in  the  
r e s id u a l  ( i . e ,  error remain ing after v a r i a t i o n s  in volume a t t r ib u tab le  
to  v a r i a b l e s  in the  t ree  volume equa t ion  had  been  in to  account)  .
The mean squared  r e s id u a l  of t r e e s  in e a c h  c l a s s  w a s  c a l c u l a t e d .  
These  c l a s s e s ,  the i r  mean m easured  vo lum es  and mean squared  
r e s i d u a l s  are  given in Table 18.
TABLE 18
M ean  squared  r e s i d u a l s  about the  t r e e  volume eq ua t ion  
(de te rm ined  from independen t ly  m easu red  volumes)
Range of m easured  
volume per t ree
M ean m easu red  ' 
volume per t ree
M ean  squared  
r e s id u a l
(cubic  feet) (cubic feet) ( squared  cub ic  feet)
1 .0  -  2 5 .9 17 .0 1 9 .5 0
2 6 .0  -  35 .9 3 2 .9 4 1 .5 0
3 6 . 0 - 4 5 . 9 42 . 1 4 9 .7 5
4 6 . 0  -  60 . 9 54 . 5 75 . 23
6 1 . 0  + 77 . 1 182.85
The v a r i a n ce  of the  mean volume per t r e e  for a sample  of 
removed t r e e s  could  not be de termined  from th e  mean squared  
r e s i d u a l s  about  the  t ree  volume equ a t io n  which  were  c lea r ly  
h e t e r o g en e o u s  ( i „e .  not c o n s t a n t ) ,
An approxim ation  to  the  true  v a r i a n c e  of the  mean volume per 
removed t ree  for a sam ple  of removed t r e e s  w a s  made by grouping
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to g e th e r  d a ta  on t r e e s  fe l led  and m easu red  in e a c h  s tudy  p lo t .  The 
m ean sq u a red  re s id u a l  about the  t re e  volum e e q u a tio n  w as  p lo t ted  
a g a in s t  the  m ean volum e of rem oved t r e e s  in  e a c h  plo t (Figure 5) . 
They w ere  found to  be l in e a r ly  r e la te d  and the  equ a tio n
Q = -  2 4 .63  + 2 .0 8  V
could  be u sed  to  e s t im a te  the  mean sq u ared  r e s id u a l  O in squared  
cub ic  fee t for a g iven  m ean volume per rem oved  t re e  V in cu b ic  
f e e t .  The approx im ate  v a r ia n c e  of the  m ean volum e per tree  for 
a sam ple  of rem oved  t r e e s  w ould  be th e  v a lu e  of Q o b ta in ed  from 
the  above e q u a t io n  d iv id ed  by the  number of t r e e s  in the  s a m p le .
E stim ating  c u t t in g  p ro duc tiv ity
C u tt in g  p ro d u c tiv i ty  is  u s u a l ly  e x p r e s s e d  in te rm s of 
volume outpu t per man hour. An e s t im a te  of c u t t in g  p ro d u c tiv ity  
is  g iven  by
p = i
w here  V is  m ean volum e per rem oved t re e  and T is  m ean cu tt in g
time per t r e e .  V can  be e s t im a te d  from the  t re e  volum e e q u a tio n
on page  53 and T from th e  eq u a tio n  for m ean cu tt in g  tim e per t re e
on page  66 . S ince  t h e s e  e q u a t io n s  w ere  p repared  from in d ep en d en t
2
d a ta  s e t s  g iv ing  e s t im a te s  of V and T (wTith  v a r ia n c e s  <T  ^ and
cr^ r e s p e c t iv e ly )  the  p re c is io n  of e s t im a te s  of c u t t in g  p ro d u c tiv i ty
2






















































MEAN MERCHANTABLE VOLUME PER REMOVED TREE 
FROM THE RECOMMENDED TREE VOLUME EQUATION
(cubic  feet)
FIGURE 5
ESTIMATED RESIDUAL VARIANCE 
ABOUT THE TREE VOLUME EQUATION PREPARED BY 




+ 2 2 
° T  V
2 2(see  Appendix K) . From e s t i m a t e s  of c r a n d  (x^ ob ta ined ,  the  
v a r i a n c e  of cu t t in g  p roduc t iv i ty  w a s  c a l c u l a t e d  to  be
3600 2 .0 8  V -  2 4 .6 3 ”
2 2 T + 9 .02  V
N T
=
w here  N is  the  number of t r e e s  sam pled  to  e s t im a te  V.
The e s t i m a te d  cu t t in g  p roduc t iv i ty  and i t s  v a r i a n c e  were  
c a l c u l a t e d  for e a c h  s tudy  plot  (Table 19).
73
TABLE 19
Product iv i ty  and i t s  v a r ia n ce  e s t i m a te d  by D e ta i l e d  t ime s tudy
Study plot Es t im ated Est im ated
produc t iv i ty
(cubic  feet  
per man hour)
v a r i a n c e  of 


























GROSS DATA TIME STUDY AND ITS COMPARATIVE PRECISION
G ross  d a t a  t ime s tudy d i f fers  from D e ta i l e d  t ime s tudy in tha t  
only one o b s e r v a t io n  is  made in e a c h  sample  unit :  the  output per 
unit  working  t ime for a g iven  o p e ra t io n .  To t a k e  accoun t  of v a r i a t io n s  
b e tw een  work c y c l e s  performed w i th in  a sample  unit ,  the  ty p i c a l  
sample  un i t s  u s e d  for G ross  Data  t ime s tudy  are the  working day  and 
the  work ing w e e k .  Output per man w eek  is  often  reco rded  a s  a 
product ion  s t a t i s t i c  in logging  op e ra t io n s  a l though  both the  w eek  
and the  day  are  too  un re l iab le  as  m e asu re s  of working  t im e .  C u t t e r s ,  
for exam ple ,  may a s s i s t  w i th  o ther o p e ra t io n s ,  su ch  a s  sn igg ing ,  
or may w a s t e  t im e .  A more r e l i a b le  m easure  of work ing t ime is  
the  hour .  The number of man hours  spen t  in a sample  unit  c a n  be 
de te rm ined  by t ime s tu d y .  Field p rocedu res  similar  to  th o s e  
d ev e lo p e d  above  for D e ta i l e d  t ime s tudy would  be u sed  but only  two 
e le m e n t s  would  n eed  to  be d i s t in g u i s h e d :  " cu t t in g " ,  com posed  of 
all  the  e le m e n t s  for D e ta i l e d  t ime s tudy shown in Table  15 (page 51 )
and "av o id ab le  d e l a y s "  a s  def ined  on page  5 0 .
To compare  D e ta i l e d  and Gross  Data t ime  s tudy,  Gross  Data  
o b s e r v a t io n s  w ere  de r ived  from th o s e  c o l l e c t e d  by D e ta i l ed  t ime s tudy 
in e a c h  sample  p lo t .  The mean t im es  per t ree  for a l l  e l e m e n t s  of 
cu t t in g ,  d i s t i n g u i s h e d  in D e ta i l ed  t ime s tudy ,  ex cep t  " avo idab le
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d e l a y s " ,  were  added  to g e th e r .  The mean volume per removed t ree  
e s t i m a te d  from the  t ree  volume e q u a t io n  w a s  d iv ided  by the  mean 
cu t t ing  t ime per t ree  to  de termine  the  output per man hour in eac h  
p l o t .
R esu l t s  by Gross  D a ta  l im e  s tudy
Four s tand  v a r i a b l e s  were  c h o s e n  for i n v e s t ig a t i o n  by Gross  
Dgta1 t ime s tu d y .  Three of t h e s e ,  mean b a s a l  a re a  per removed t r e e ,  
th e  number of t r e e s  removed per acre  and predominant  he igh t  seem ed  
s u i t a b le  for a p red ic t ive  model b e c a u s e  t h e y  would  be a v a i l a b l e  to  
management  from sample  plot  r e c o r d s . The fourth, mean length  of 
logs  cu t ,  would be l e s s  r e a d i ly  a v a i l a b l e ,  but it w a s  c h o s e n  to 
i n v e s t i g a t e  d i f f e r en ces  in p roduc t iv i ty  b e tw ee n  cu t t in g  s ing le  sawlog  
le n g th s  and cu t t ing  mul t ip le  l en g th s  w h ich  provide  two  or more s aw lo g s  
w h e n  docked  aga in  at  the  saw m i l l .
A mult ip le  l inea r  r e g r e s s i o n  e q u a t io n  on cu t t ing  p roduc t iv i ty  of 
a l l  four s tan d  v a r i a b l e s  w a s  c a l c u l a t e d .
P = 2 1 3 .7 9  + 19 .25  A -  0 . 2 9  F + 0 . 1 8 E -  3 . 3 8 H
(+33.77) (+0.25) (+0.97) (+2.41)
u s in g  symbols  g iven  in Table  16 (page 55 ) .  The r e g r e s s i o n  coe f f ic en t  
for mean leng th  of s aw lo g s  cut  w a s  n e g a t i v e .  This w a s  anom alous  in 
th a t  p roduc t iv i ty  when cu t t ing  longer logs ,  w h ich  requ i re  fewer  c r o s s ­
c u t s ,  should  have  i n c r e a s e d .  M ean  leng th  of s aw lo g s  cut w a s  not 
c o r r e l a t ed  to  any  o ther  s tan d  v a r i a b le  w h ic h  cou ld  acco u n t  for 
anomaly ,  and it w as  not g iven  any fur ther  c o n s id e r a t i o n  a s  a s tan d
v a r i a b le  in the  G ross  Data t ime s tu d y .
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M ea n  b a s a l  a rea  and the  number of t r e e s  removed per acre  
were  found to  be h ighly  co r re la ted  w i th  one a no the r .  The independen t  
e f f e c t s  of e i th e r  s tan d  va r iab le  on cu t t ing  p roduc t iv i ty  could  not be 
de te rm ined  from the r e g r e s s io n  e q u a t io n  b e c a u s e  of m ul t i co l l inea r i ty  
in the  r e g r e s s i o n  (Wonnacot t  and W o n n ac o t t ,  1969) . It w a s  
d e c id e d  to  i n v e s t ig a t e  s ep a ra te  r e g r e s s i o n  models  for mean b a s a l  
a rea  and the  number of t r e e s  removed per a c re ,  wi th  and without 
predominant he igh t  in eac h  c a s e .  The mode ls  and some re le v an t  
s t a t i s t i c s  are  given in Table 20.
TABLE 20
R egres s ion  models  for G ro ss  D a ta  t ime s tudy
M odel Equation R es idua l  sum D e g ree s  of
of s q u a r e s freedom
I P = b 0 + b l A + b 2E 32571 21
II P = b o + b i A 33704 22
III P = b 0 + b l F + b 2E 31479
21
IV P = b 0 + b i F 32406 22
* where  P d e n o te s  cu t t ing  p roduc t iv i ty  in cub ic  feet  per man 
hou r ,  bß . . o b^ deno te  r e g r e s s i o n  c o e f f i c i e n t s ,  and other 
symbols  are in te rp re ted  in Table  16 (page 5 5) .
A t e s t  d e sc r ib e d  by Seal (1964) w a s  u s e d  to  compare  model 1
with  model II and  M odel  III w i th  model IV, No s ign i f ican t  d i f f e rence
w a s  found be tw een  the  models  in e i th e r  pa ir  and the  simpler model
in e a c h  pair  w as  t a k en  a s  the  b e t t e r .  The "be t te r "  models  cou ld  not,
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however ,  be compared  by S e a l ' s  t e s t  b e c a u s e  th ey  had equa l  d e g re es  
of f reedom. The model w i th  the  s m a l l e s t  r e s id u a l  mean square  w as  
t a k e n  as  the  b e s t  of the  four Gross  Data  models  t e s t e d ,  i . e .
P = 209 .4 6  -  0 .3 4  F
(+0.17)
This model cou ld  be u s e d  to e s t im a te  the  p roduc t iv i ty  of s aw log  
cu t t in g  for s t a n d s  w h o se  c h a r a c t e r i s t i c s  l ie w i th in  the  r a n g e s  
covered  by f ie ld  s tu d ie s  for t h i s  t h e s i s  (see  b^ge  48 and Appendix G ) . 
The p re c i s io n  of th e  e s t i m a t e  cou ld  be m easu red  by the  r e s id u a l  
v a r i a n c e  of th e  r e g re s s io n ;  i . e .  th e  v a r i a n c e  rem ain ing  a f te r  the  
e f f e c t s  of s tan d  v a r i a b l e s  in the  ^ regress ion  had been  t a k e n  in to  
a c c o u n t .  This r e s i d u a l  v a r i a n c e  w a s  1473 cub ic  fee t  per man hour 
a l l  sq u a r e d .
2
The c o e f f i c i en t  of de te rm ina t ion  (R ) of the  b e s t  G ross  Data  
equ a t io n  w as  0 . 1 5 .  It showed  th a t  the  s t a n d  v a r i a b le  in the  equa t ion  
a c c o u n te d  for only  15 per cen t  of the  to t a l  va r ia t io n  in cu t t ing  
p roduc t iv i ty  dur ing  the  s tu d y .  The rem ain ing  v a r i a t io n ,  e x p r e s s e d  
a s  the  r e s i d u a l  v a r i a n c e  of the  r e g r e s s i o n ,  w a s  not a cc o u n te d  for.
The p re c i s io n  of t ime s tudy
The v a r i a n c e  of th e  cu t t ing  p roduc t iv i ty  quo t ien t  e s t i m a te d  for 
e a c h  D e ta i l ed  t ime s tudy  plot  w a s  p lo t ted  a g a in s t  the  quo t ien t  i t s e l f  
(Figure 6) . The v a r i a n c e  of cu t t ing  p roduc t iv i ty  e s t i m a te d  from the  
b e s t  r e g r e s s io n  eq ua t ion  ob ta ined  by G ro s s  Data  t ime s tudy  w a s  a l s o  





























PRODUCTIVITY OF CUTTING 
(cubic  fee t  per man hour)
FIGURE 6
THE PRECISION OF DETAILED AND GROSS DATA TIME STUDY 
(„ D e ta i le d  Time Study, -  G ross  D a ta  tim e study)
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study  w a s  genera l ly  about the  same a s  t h e  p re c i s io n  of e s t i m a t e s  
o b ta ined  from the  r e s u l t s  of D e ta i l ed  t ime s tu d y .  R esu l t s  of Gross  
D a ta  t ime s tudy,  however ,  appea red  to  be more p re c i s e  for low 
produc t iv i ty  v a lu e s  th an  th e  r e s u l t s  of D e ta i l e d  t ime s tu d y .  This 
may not be true  b e c a u s e  the  r e s id u a l  v a r i a n c e  about  the  G ross  Data 
r e g r e s s io n  equa t ion  w a s  a s su m e d  to  be homogeneous,  but if it were  
true ,  it could  have  p ra c t i c a l  im p l ica t io n s  for future s tu d ie s  cover ing  
wide  ra n g e s  of s tand  co n d i t io n s  s in c e  low produc t iv i ty  v a lu e s  and 
the  s tand  cond i t ions  c a u s in g  them may be given  s p e c i a l  co n s id e ra t io n  
in wage  d e te r m in a t io n s .
The s tu d ie s  for t h i s  t h e s i s  s u g g e s t e d  th e  Gross  Data  and 
D e ta i l ed  t ime s tudy  t e c h n i q u e s  gave  e q u a l ly  p r e c i s e  r e s u l t s  when 
app l ied  to cu t t ing  opera tions ,  but ne i the r  t e ch n iq u e  e x p la in ed  much 
of the  v a r ia t io n  in cu t t in g  p roduc t iv i ty .  Only a smal l  propor tion of 
the  v a r ia t io n  in cu t t ing  p roduc t iv i ty  w as  a t t r ib u ted  to  d i f f e r en c es  
be tw een  s t a n d s . The rem ain ing  v a r ia t io n  could  have  been a t t r ibu ted  
to  s tand  v a r i a b le s  not t a k e n  in to  c o n s id e ra t io n ,  the  w ea th e r ,  
d i f f e r en ces  in performance leve l  be tw een  c u t t e r s  (r ef lec ting  
d i f fe ren ces  in the i r  p h y s iq u e ,  sk i l l ,  e x p e r i e n c e ,  hea l th ,  tem peram ent  
and motivat ion) or c h a n c e  f a c t o r s .
Stand v a r i a b le s  u s e d  in the  s tu d i e s  w ere  c h a r a c t e r i s t i c s  which  
could  be de termined  from sample  plot  r e c o rd s  or a s s e s s e d  fair ly 
r e a d i ly  by m anagem ent .  Even if o ther  s tan d  v a r i a b l e s  had a f fec ted  
the  p roduc t iv i ty  of cu t t ing ,  it might not have  been  p ra c t i c a l  to  have
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inc luded  them in a model of cu t t ing  p roduc t iv i ty  for p red ic t ive  p u r p o s e s .  
The w ea the r  w a s  fine and dry throughout the  pe r iods  of f ie ldwork , wh ich  
took p la c e  during summer and ear ly  au tumn.  O c c a s i o n a l ly  fe l l ing  w as  
made d i f f icu l t  by st rong w inds  but it i s  u n l ike ly  cu t t ing  p roduc t iv i ty  
w a s  a f fec ted  s ig n i f ic a n t ly  in t h i s  w a y .  However ,  ex p e r ien c e  
s u g g e s t s  performance d i f f e r en c es  be tween  c u t t e r s  could  be r e s p o n s i b l e  
for some v a r i a t io n s  in cu t t ing  p roduc t iv i ty .  No s tu d i e s  have  yet been  
car r ied  out in Aust ra l ia  to  de te rm ine  the  magnitude  of t h i s  source  
of v a r i a t i o n .  If the  v a r ia t io n  in performance l e v e l s  is  c o n s id e ra b le ,  
it must be given s p e c i a l  c o n s id e ra t io n  in any future s tudy  of cu t t ing  
p roduc t iv i ty  in A u s t ra l i a .
CHAPTER 7
COSTS OF CUTTING SAWLOGS IN NEW SOUTH WALES
Repl ies  to  a q u e s t io n n a i r e ,  c i r c u la t ed  among major p lan ta t io n  
owners  and saw m il le r s  in the  A us t ra l ian ,  p lan ta t io n  grown softwood 
t imber indus t ry  in d ic a ted  tha t  cu t t ing  is  done a lm os t  e n t i r e ly  by 
c o n t rac to r s  and  th e  r a t e s  of pay for c u t t in g  are u s u a l ly  de termined  
by d i rec t  n e g o t ia t io n  be tween  th e  c o n t rac to r s  and th e i r  c u t t e r s .
Almost a l l  c u t t e r s  are paid by r e s u l t s .  Because  r a t e s  of pay are 
de te rm ined  in t h i s  way,  they  would  vary  th roughout New South W a le s  
and would  a lm os t  c e r ta in ly  inc lude  s u b je c t iv e  e s t i m a t e s  of the  
e f f e c t s  of d i f f e r e n c e s  be tw een  s t a n d s  on the  p roduc t iv i ty  of c u t t in g .
The aim of t h i s  i n v e s t ig a t io n  w a s  to  de termine  the  e f f e c t s  of 
d i f f e r en c es  b e tw een  s t a n d s  on the  c o s t  per unit  volume for c u t t in g .
To avoid  s u b je c t iv e  b ia s  which  might be p re s e n t  in n eg o t i a t ed  
p iece  r a t e s ,  the  i n v e s t ig a t io n  w a s  b a se d  on the  award  r a t e s  of pay 
for c u t t e r s  in New South W a l e s .  The hourly  award  r a te  w a s  d iv ided  
by the  p roduc t iv i ty  of cu t t ing  to  ob ta in  the  c o s t  per unit  v o l u m e .
D e ta i l e d  t ime s tudy  showed th a t  d i f f e r en c es  in b a s a l ,  and 
sm al l  end a r e a s  of removed t r e e s ,  number of t r e e s  removed per acre ,  
predominan t  he igh t  of s t a n d s ,  and  mean leng th  of logs  cu t a f fec ted  
th e  p roduc t iv i ty  of c u t t in g .  G ross  Data t ime s tudy showed th e  number 
of t r e e s  removed per acre  had the  g r e a t e s t  e f fec t  on cu t t ing
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p r o d u c t iv i t y . However,  the  number of t r e e s  removed per acre  w a s  
s t rongly  re l a t e d  to  the  mean b a sa l  a rea  per removed t ree  and th i s  
r e l a t i o n s h ip  would re f le c t  the  th inn ing  s ch e d u le  app l ied  to  p re -w a r  
p lan ted  r a d i a t a  pine  in New South W a l e s  and the  A ust ra l ian  C ap i t a l  
Terr i tory o Further r e s e a r c h  wil l  be n eed e d  to  de termine  the  
independen t  e f f e c t s  of mean b a sa l  a rea  per removed t r ee  and the  
number of t r e e s  removed per acre  on cu t t in g  p roduc t iv i ty .
The r e s u l t s  of Gross  Data t ime s tudy  were  u sed  to  i n v e s t ig a te  
cu t t ing  c o s t s  b e c a u s e  the  p red ic t ive  eq u a t io n  w a s  s imple r th a n  but 
as  p r e c i s e  as  the  r e s u l t s  of D e ta i l ed  t ime s tu d y .  Because  the  
r e s id u a l  v a r ia n ce  of the  b e s t  G ross  Data r e g r e s s i o n  eq ua t ion  w as  
so  great  and the re  are in d ic a t io n s  tha t  much of it could  be a t t r ibu ted  
to  d i f f e r en c es  in performance leve l  be tw een  c u t t e r s  tak ing  par t  in 
the  s tudy ,  the  p red ic t ive  model may not provide  a good e s t i m a te  of 
th e  average  p roduc t iv i ty  of cutt ing.,  It shou ld ,  however ,  give some 
idea  of the  way the  current p iece  ra te  for c u t t in g  should  be co r rec ted  
when c u t t e r s  are moved to  a d i fferent stand»
Award w a g es  for cu t t ing
The Timber Worker s "C o n so l id a ted  Award a p p l i e s  to  c u t t e r s  in 
New South W a l e s  who are  member s of the  A us t ra l ian  Timber W orke rs1 
Union , c u t te r s  w h o se  employer i s  bound by the  award, and c u t t e r s  
who work for a con t rac to r  h ired by such  an  em ploye r .  The award 
a s s i g n s  the minimum w e ek ly  ra te  for va r ious  c l a s s e s  of adult  male
83
em p lo y ees  in the  t imber i n d u s t r y . Pine c u t t e r s  are r e p r e s e n te d  by 
two such  c l a s s e s :  " fa l le r s"  and " lo a d e rs ,  tr immers  and em ployees  
cu t t ing  logs"» The r e s p e c t iv e  minimum w e ek ly  w age  r a t e s  a s s i g n e d  
in April 1970 to  t h e s e  c l a s s e s  were  $52-40  and $ 4 7 - 5 0 .  These  
w a g e s  are  pa id  for a normal working  w eek  of forty h o u rs .  Any 
employee  in s t ru c ted  by his  employer to  work o u ts id e  normal hours  
is  e n t i t l e d  to  overtime payment at the  s t ip u la t ed  r a t e .  Employees  
on t ime w a g e s  are  e n t i t l e d  to  t e n  public  h o l id a y s  e a c h  year  and to 
tw en ty  cne  c o n se c u t iv e  d a y s  annual  l eave  af te r  tw e lve  months 
con t inuous  s e r v i c e .  Pine c u t t e r s  who ope ra te  and m ain ta in  th e i r  own 
cha in  saw s  are  a l s o  e n t i t l e d  to an a l lo w an c e  of not l e s s  than  $6-00  
per w e e k .
Under the  award,  an employer  may in t roduce  a sy s tem  of payment  
by r e s u l t s .  Employees  must r e c e iv e  at  l e a s t  the  minimum time ra te  and 
the  p iece  ra te  should  e n ab le  workers  of average  ab i l i ty  to  earn  at  l e a s t  
12j  per cen t  more than  t h e n  w eek ly  t ime r a t e .  P iece  workers  are 
e n t i t l e d  to  th ree  w e ek s  annual  l e av e ,  pa id  at  the  ordinary  t ime ra te  
for t h e n  c l a s s i f i c a t i o n ,  but are not e n t i t l ed  to  paid  publ ic  h o l id a y s .
In su b se q u e n t  c a l c u l a t i o n s ,  it w i l l  be a s s u m e d  th a t  p ie ce  work cu t te r s  
work 1960 hours  per year  or 40 hours  per w eek  for 49 w e e k s  of the  year .
The hourly wage  p ayab le  to  p ie c e  work c u t t e r s  of average  ab i l i ty  
w as  d iv ided  by the  e s t i m a te d  output per man hour to  de termine  th e  co s t  
per unit  vo lum e .  Separa te  c a l c u l a t i o n s  were  made for a s ing le  cu t te r  
and a team of two men.  In the  c a s e  of the  team  of tw o  men it w a s  
a s su m ed  tha t  the  p roduc t iv i ty  of the  t e am  is  tw ic e  th a t  of the  s ing le
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cu t te r ,  tha t  one man in the  team  u s e s  a c h a in  saw  and is  c l a s s i f i e d  as  
a " fa l le r"  for w ag e  payment p u rp o se s ,  and th a t  h is  mate is  c l a s s i f i e d  
a s  a "tr immer" .
Figure 7 show s  th a t  cu t t ing  c o s t s  i n c r e a s e  cu rv i l in ea r ly  a s  the  
number of t r e e s  removed per acre  i n c r e a s e s  w i th in  the  range  
e n co u n te red  in the  s tudy  p lo ts  for t h i s  t h e s i s  (25 -  17 5 t r e e s  per 
acre) . Over th i s  range  the  c o s t  per 100 cu b ic  fee t  for a two man 
cu t t ing  team  is  about 7 c5 c e n t s  l e s s  th an  th a t  for a s ing le  cu t te r  and 
the  to t a l  change  in c o s t  per 100 cub ic  fee t  for e i th e r  a s in g le  cu t te r  
or a two man team  is  27 , 5  c e n t s .  If, th e re fo re ,  a s aw log  cu t te r  or 
team of two c u t t e r s  were  moved from one s tand  to  another ,  the  p re sen t  
p iece  r a te  would need  a d ju s t in g  by some amount not e x c e e d in g  27 . 5  
c e n t s  per 100 c u b ic  fee t ,  to  c o m p en sa te  for c h a n g e s  in cu t t ing  
p roduct iv i ty  a t t r ib u ta b le  to  d i f f e r en c es  b e tw ee n  s t a n d s .
C ha in  saw c o s t s
Under th e  Timber W o rk e rs '  C o n so l i d a t e d  Award, c u t t e r s  are  
e n t i t l e d  to  an a l lo w an c e  of at l e a s t  $ 6 -00  per w e e k  for o pe ra t ing  and 
m ain ta in ing  th e i r  own c h a in  s a w s .  C o s t  D a ta  for v a r io u s  cha in  saw s  
were  ob ta ined  from the  Fores t ry  and Timber Bureau to  compare  wi th  
the  award  a l l o w a n c e .  T hese  d a ta  are g iven  in Appendix L. The 
c o s t  of ope ra t ing  a cha in  saw  is  equa l  to  the  c o s t  per machine  hour
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hour  for a cha in  saw depends  on i t s  annual  use»  This  is  equa l  to  the  
number of man hours  per annum spent  on cu t t in g  mul t ip l ied  by the  
f rac t ion  of cu t t ing  t ime spent on a c tu a l  sawing» The f r a c t io n  can  be 
e s t i m a te d  from the  equ a t io n s  in Table 17 (page 56 ) a s su m in g  a c tu a l  
s aw ing  t ime is  equa l  to  the  t ime spen t  on th e  e l em en t s  " s a w " ,  "remove 
sp l in te r s  from butt of fe l led  t r ee "  and " c r o s s c u t " »  Sawing output per 
machine  hour i s  equa l  to the  output per man hour from cu t t ing  mul t ip l ied  
by the  frac t ion  of cu t t ing  t ime sp en t  on a c tu a l  sawing» In Figure 8, 
th e  e s t im a te d  c o s t  per uni t  volume for u s in g  a cha in  saw in e a c h  
s tudy  plot  is  p lo t ted  a g a in s t  the  number of t r e e s  per acre  rem oved .  
C o s t s  are shown for two ty p e s  of saw which  r e p r e s e n t  the  range  u sed  
by c u t te r s  in pine p lan ta t io n s :  s aw s  wi th  2 0 inch  cu t te r  bars  pr iced  
at  $2 00 and saw s  w i th  2 0 inch cu t te r  bars  p r iced  at $400» (Cost da ta  
on saw s  priced at  $300 and saw s  w i th  30 inch  cu t te r  bars  are  a l s o  
given in Appendix L) „ The more e x p e n s iv e  t y p e s  of cha in  saw have  
greater engine  c a p a c i t i e s .  R esu l t s  of a t r i a l  in w h ich  e l ev en  
d if ferent cha in  s aw s  were  opera ted  in r a d i a t a  p ine  by th e  same cut ter 
(Report on chain  saw t e s t s ,  1961) in d ic a te  t h a t  a g rea ter  eng ine  
c a p a c i ty  s l igh t ly  i n c r e a s e s  the  cu t t ing  ra t e  for fe l l ing  and more 
markedly  i n c r e a s e s  the  c ro s s c u t t i n g  r a t e .  However ,  the  s t a t e  of 
m a in ten an ce  probably  h a s  more e ffec t  on cha in  saw performance in 
p ra c t i c e  than  eng ine  c a p a c i t i e s .  For t h i s  in v e s t ig a t i o n ,  it w as  
a s s u m e d  tha t  the  more e x p en s iv e  s aw s  do not have  s ig n i f i c a n t ly  be t te r
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FIGURE 8
COST OF OPERATING AND MAINTAINING A CHAIN SAW 
(x c o s t  of a ch a in  saw  w ith  2 0 inch  c u t te r  bar, p r ice  $400) 
(c c o s t  of a ch a in  saw  w ith  2 0 in ch  c u t te r  bar, p rice  $200) 
(~ minimum ch a in  saw  a l low ance)
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Figure 8 a l so  shows the  c o s t  per unit  volume of the  minimum 
award  a l lo w an ce  for a cha in  s aw .  The hourly v a lu e  of the  a l lo w an c e
w a s  d iv ided  by the  equa t ion  for p red ic t ing  output per man hour from
*
cu t t ing  (page 77 ) .  Es t imated  c o s t s  for saw ing  are  much g rea te r  
th a n  the  minimum award a l low ance  in every  case»  A minimum v/eekly  
a l lo w an c e  of $12-00  would  be requ ired  to  cover  the  e s t im a te d  c o s t s  
of a $200 saw  and an a l lo w an c e  of $18 -00  to  cover  the  e s t i m a te d  c o s t s  
of a $400 saw .
The e s t im a te d  c h a in  saw c o s t s  may, however ,  be e r roneous  
b e c a u s e  the  Fores try  and  Timber Bureau have  a t tem pted  to g e n e r a l i z e  
c o s t s  for the  v a r ie ty  of makes  u sed  by p ine  c u t t e r s .  Saws would 
a l s o  vary  c o n s id e ra b ly  in age  and s t a t e  of m a in tenance  and s in c e  few 
c u t t e r s  keep d e ta i l e d  c o s t  r e c o rd s ,  th e  Bureau 's  d a ta  would  con ta in  
many a s s u m p t io n s ,  some of which  might not be v a l id .  More a cc u ra te  
d a ta  on cha in  saw c o s t s  are n eed ed  to  provide a be t te r  b a s i s  for 
w age  n e g o t i a t io n s  in s i t u a t io n s  where  c u t t e r s  are requ ired  to  supply  
the i r  own s a w s .
*The 'hourly value of the allowance' is  one fortieth of the weekly 
allowance ip the Timber Workers Award for owning and operating 
a chain saw (page 84) . A forty hour working week is being assumed.
CHAPTER 8
COSTING AND DESIGNING TIME STUDIES 
The c o s t  of t ime  s tudy
E s t im a te s  were  made of the  c o s t  of car ry ing  out a s tudy  of 
tw en ty  four saw log  cu t t ing  o p e ra t io n s  in New South W a le s  and the  
Aus t ra l ian  C a p i t a l  Terri tory u s ing  D e ta i l e d  and G ross  Data t ime 
s tudy  t e c h n i q u e s .  The fie ld work for e i th e r  s tudy  would involve  
433 hours  of t im e  s tudy and 4 hours  per s tudy  plot  for in i t i a l  
p re p a ra t io n s  and a s s e s s m e n t  of a f ina l  m en su ra t io n  p lo t .  About 
th ree  months  of off ice  work would  be requ i red  for D e ta i l ed  t ime s tudy 
but only about one month for G ross  Data t ime s tu d y ,  A gradua te  
fo re s te r  could  o rgan ize  and car ry  out the  en t i re  G ross  Data s tudy 
but he would  requ i re  the  s e r v ic e s  of a t e c h n i c a l  a s s i s t a n t  for the  
D e ta i l e d  t ime s tu d y .  The t e c h n i c a l  a s s i s t a n t  would  m easu re  fe lled  
t r e e s  and a s s i s t  w i th  th e  p repara t ion  of D e ta i l e d  t ime s tudy da ta  for 
compute r  h a n d l in g .  Es t im ated  c o s t s  are  g iven  in Table  21 (page 90) .
The D e ta i l e d  t ime s tudy would  c o s t  about $6800, the  Gross  
Data  s tudy  only  $3200. Because  the  two t e c h n i q u e s  have  equa l  
p re c i s io n ,  the  c o s t  per unit  of p r e c i s io n  of G ross  Data t ime s tudy  would  
be about ha l f  th a t  of D e ta i l ed  t ime s tu d y .  R esu l t s  from G ro ss  Data t ime 
s tudy  could  be made a v a i l a b le  much more qu ick ly  than  th o s e  of 
D e ta i l e d  t ime s tudy b e c a u s e  l e s s  off ice  work is  in v o lv e d .  The 
a n a l y s i s  of D e ta i l e d  t ime s tu d ie s  cou ld  a l s o  be d e lay e d  (by two to
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three  months) whi le  d a ta  are t rans fe r red  from fie ld  s h e e t s  to  punch 
ca rds  for compute r hand l ing ,  a p r o c e s s  w h ich  is  not n e c e s s a r y  in 
G ross  Data t ime s tudy b e c a u s e  the  da ta  are  much s im ple r .
TABLE 21
C o s t s  of t ime s tudy
I tern
C o s t  for 
D e ta i l ed  
t ime s tudy
$
C o s t  for 
Gross  D a ta  
t ime s tudy
$
Field  work
W a g e s  for a g radua te  fores te r* 2393 2393
W a g e s  for a t e c h n i c a l  a s s i s t a n t * 1948 -
Office  work
W a g e s  for a g radua te  fo res te r 1229 819
W a g e s  for a t e c h n i c a l  a s s i s t a n t 905 -
Card punching 307 43
Computer use 58 2
Total  co s t 6840 3257
* I n c l u d e s  the  c o s t  of t r av e l l in g  a l l o w a n c e s
D e ta i l ed  t ime s tudy  would c o s t  $3600 more than  Gross  Data  
time s tudy and th i s  ex t ra  c o s t  can  be rega rded  a s  the  c o s t  of ex t ra  
information g a in ed .  This  informat ion would  be most usefu l  for a 
c r i t i c a l  exam ina t ion  of p r e s e n t  methods  of cu t t ing  and for co n s t ru c t in g  
s imula t ion  models  of a l t e rn a t iv e  m e thods .  The m ethods  u sed  to  cut 
saw logs  have  not c h an g e d  g rea t ly  s in ce  the  in t roduct ion  of cha in
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saw s  but c u t t in g  is  only one of the  o p e ra t io n s  invo lved  in h a r v e s t i n g .  
C u t t ing  in v o lv e s  the  p repara t ion  of logs  for s u b se q u e n t  o pe ra t ions  
such  a s  sn igg ing ,  hau l ing  and co n v e r s io n  at  th e  mill  and some a s p e c t s  
of cu t t ing ,  in p a r t i c u la r  the  d i rec t ion  in w h ich  t r e e s  are fe l led ,  the  
qua l i ty  of tr imming, the  c ro s s  cu t t ing  p a t te rn  and t r a c k  c l ea r in g  done 
by c u t t e r s ,  a f fec t  the econom ics  of both c u t t in g  and su b se q u e n t  
o p e r a t io n s .  P resen t  cu t t ing  methods  may have  to  be ch anged  to  
a llow d e v e lo p m en ts  in log t r an sp o r t  and mil lyard  hand l ing  to  be 
in t roduced  in the  most  e conom ica l  w a y .  If D e ta i l ed  t ime s tu d ie s  
are made of p re s e n t  cu t t in g  m ethods ,  the  c o s t  of the  ex tra  informat ion 
ga ined  could  be r e c o v e re d  through r e d u c ed  h a rv e s t in g  c o s t s  following 
method s t u d i e s  of a l l  o p e ra t io n s  invo lved  in h a r v e s t i n g .
D es ig n in g  future s tu d ie s
The p re s e n t  s tu d i e s  have  shown th a t  management  can  ob ta in  
u se fu l  in format ion on c u t t in g  o pe ra t ions  by work s tu d y .  Such 
informat ion could  be p a r t i cu la r ly  v a lu ab le  for w age  d e te rm in a t io n s ,  
labour  p lann ing  and com para t ive  c o s t  s t u d i e s .  However,  t ime 
s tu d ie s  are e x p e n s iv e  to  car ry  cut and a n a l y s e  and p a r t icu la r  
a t t e n t io n  should  the re fo re  be paid  to  the  d e s ig n  of future s tu d i e s  to 
e n su re  the  informat ion w a n te d  w il l  be o b ta in e d .
Four main so u rc e s  of va r ia t io n  in p roduc t iv i ty  must be sampled  
or e l im in a ted  in s tu d i e s  of cu t t ing  ope ra t ions :
(a) f lu c tu a t io n s  in  the  performance of an ind iv idua l  cu t te r
(b) d i f f e r en c es  in performance b e tw ee n  c u t t e r s
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(c) a l t e rn a t iv e  work methods
(d) d i f f e r e n c e s  between s t a n d s .
C u t t ing  c o n s i s t s  of a s eq u e n c e  of s u b - o p e r a t io n s  often performed 
on groups  of t r e e s  ra ther  than  i n d i v i d u a l s .  Some e lem en t s  of cu t t ing  
do not occur  on every  t ree  but only  p e r io d ic a l ly  throughout e a c h  
working d a y .  I t  i s  thus  im prac t ica l  to  car ry  out a t ime s tudy of 
cu t t ing  for l e s s  than  a d a y .  F luc tua t ions  in the  performance of 
ind iv idua l  c u t t e r s  from day to  day c a u s e  v a r i a t i o n s  in cu t t ing  product iv i ty  
which  can  be re d u c ed  by car ry ing  out a s tudy  of s ev e ra l  day s  dura t ion  
or by sampl ing  s ev e ra l  days  at e a c h  work s i t e .  Either could  be 
e x p e n s iv e  s in c e  G ross  Data  t ime s tudy  c o s t s  about $44 per day  in 
the  fie ld  and D e ta i l ed  t ime s tudy c o s t s  about  $80.  R esea rch  is  
n eed ed  to  de te rm ine  the  magnitude and s ig n i f i c a n c e  of f lu c tu a t io n s  in 
the  performance  of ind iv idua l  c u t t e r s .  The q u e s t io n  of c u t t e r s '  
r e a c t io n s  to  t ime  s tudy should  a l s o  be i n v e s t i g a t e d  to  show w he ther  
the  f ir s t  d a y s  r e s u l t s  for e ac h  cutter in a s tudy  should  be d i s c a r d e d .
D i f f e ren ces  in performance be tw een  c u t t e r s  are  important in 
any  s tudy where  c o n c lu s io n s  about the  who le  popu la t ion  must be 
drawn from a s am p le .  The p re sen t  s tudy h a s  in d ic a ted  tha t  performance 
d i f f e r en c es  a cc o u n t  for a c o n s id e ra b le  amount of the  to t a l  va r ia t io n  
in p roduc t iv i ty  ob se rv ed  in a s tudy  invo lv ing  th ree  or more c u t t e r s .
It may be p o s s i b l e  to r educe  th i s  v a r ia t io n  by s t ra t i fy ing  the  popula t ion  
of c u t t e r s  and sam pl ing  w i th in  e a c h  s t ra tum .  P revious  performance 
l e v e l s  in d ic a te d  by product ion  da ta  would provide one m eans  of
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s t r a t i f i c a t io n ,  performance c a p a c i ty  m easu red  wi th  an e rgonom eter  in 
a labora to ry  could  provide a no the r .  R ese a r ch  is  n eed e d  to  e s t im a te  
the  magnitude  of performance d i f f e r en c es  among Aus t ra l ian  c u t t e r s  
and to  find a s u i ta b le  method for s t r a t i f i c a t i o n .
Where  a l t e rn a t iv e  work methods  are  being  s tud ied ,  the  same 
c u t t e r s  should  be compared to e l im ina te  v a r i a t io n  due to performance 
d i f f e r e n c e s .  Alternative  work methods  c an  be compared  by s imula t ion ,  
a s  i l l u s t r a t e d  above ,  or by com para t ive  f ie ld  t r i a l s  a s  u sed  by 
W h i te l e y  (1972).
Simple com para t ive  t r i a l s  of a l t e rn a t iv e  work methods  can  be 
held  in the  same s tand  to  e l im ina te  v a r i a t io n  due to  s tand  d i f f e r e n c e s .  
However,  in work s tu d ie s  for w age  d e te rm in a t io n s ,  the  e f f e c t s  of 
s tan d  d i f f e r en ces  on th e  p roduct iv i ty  of cu t t ing  must be t a k en  into  
a c c o u n t .  W here  p la n ta t io n s  are w ide ly  s c a t t e r e d  it  may not be 
p o s s ib l e  to  s tudy the  same sample  of c u t t e r s  in e a c h  d i fferent s tand  
a s  w a s  done at Sunny Corner in the  p re s e n t  s tu d y .  Two a l te rn a t iv e  
w ay s  of de termining  the  e f fe c t s  of d i f f e r en c es  be tw een  s t a n d s  on 
cu t t in g  o pe ra t ions  are:
(1) employ one or more c u t t e r s  as  s t a t i s t i c a l  c o n t r o l s .  The
control  cutte r s v i s i t  e a c h  s tudy  s i te  in turn and work 
a lo n g s id e  the  loca l  c u t t e r s .
(2) Have one or more s t a n d s  a s  s t a t i s t i c a l  c o n t r o l s .  Each
cu t te r  i s  s tud ied  in th e  contro l  s tan d  a s  w e l l  a s  in
his  loca l  s t a n d s .
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Nei ther  of t h e s e  t e c h n i q u e s  h a s  yet  been  u s ed  in work s tu d ie s  of 
cu t t ing  in A us t ra l ia .
Although the p re sen t  s tudy w as  conf ined  to  cu t t ing  o p e ra t io n s ,  
work s tudy  t e c h n i q u e s  can  be app l ied  to other com ponen ts  of,  
logging o pe ra t ions  su ch  as  sn igg ing  and hau l ing  and to o ther fo res t  
o p e ra t io n s  such  as  p lan t ing  and t e n d in g .  The same t e c h n i q u e s  can 
be app l ied  to measure  the  p roduc t iv i ty  of more h ighly  m e ch an ized  
o p e ra t io n s  than cu t t in g  but ad d i t iona l  s t u d i e s  would  be requ i red  to 
de termine  the  c o s t s .  Some da ta  on the  c o s t s  of owning and opera t ing  
fo res t  machinery  in A ust ra l ia  have  been  p u b l i sh e d  (de Vries,  1967) but 
most re fe r  to m ach ines  u sed  for logging in hardwood f o r e s t s .
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SUMMARY
Two work s tu d ie s  of rad ia ta  pine cu t t in g  were  under taken  to  
show how th ey  can  he lp  so lve some ty p ic a l  logging p rob lem s .  The 
fi rst  s tudy  compared  a l te rna t ive  methods of logg ing f ir s t  th inn ings  in 
p la n ta t io n s  near Bathurst ,  New South W a l e s .  A r e g r e s s io n  equa t ion  for 
the  mean cu t t ing  t ime per t ree  w as  c a l c u l a t e d  from time s tudy da ta  
on p re sen t  shortwood opera t ions  at Bathurst  and app l ied  to d a ta  on 
sample  p lo ts  f i rs t  th inned  in 1965-197 0 to  e s t i m a te  the  cu t t ing  t ime 
spen t  on fi rs t  th inn ings  over tha t  pe r iod .  The to ta l  m erchan tab le  
volume yield  from first  th innings  in 1965-197 0 w a s  d iv ided  by 
the  e s t i m a te d  to ta l  cu t t ing  t ime to  ob ta in  the  ave rage  p roduct iv i ty  in 
shortwood c u t t in g .  The same da ta  were  u s ed  to  c o n s t ru c t  a s imula t ion  
model and e s t im a te  the  productiv ity  of t ree  leng th  c u t t in g .  D a ta  on 
shortwood and t ree  leng th  ex trac t ion  were  a l s o  ob ta ined  and a n a l y s e d .
U sing  the  above information,  p lan t and labour r equ i rem en ts  of 
a l t e rn a t iv e  logging methods  were p red ic ted  for 1 9 72-1977 .  Shortwood 
op e ra t io n s  would requ ire  more cu t te r s  th an  t ree  length  but to ta l  
labour requ i rem ents  would  be e q u a l .  C u t t ing  shortwood and e x t rac t in g  
by sk idders  with  loading  booms would be c h e a p e s t .  Cut t ing  t ree  leng th  
logs  and ex t rac t ing  them with  sp e c ia l ly  eq u ipped  in d u s t r ia l  t r a c to r s ,  
though dearer ,  might be sa f e r .  It would be yet  more e x p e n s iv e  to  bunch
t ree  leng th  logs  with  w in c h es  and ex t rac t  the  bunches  su b se q u e n t ly  w i th
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sk idders ,  and most ex p en s iv e  of ail  would be shortwood ex t rac t io n  with  
42 horsepow er  fo rwarders .
In the  s ec o n d  s tudy,  the  e f fec t s  of d i f f e r en c es  be tw een  s t an d s  on 
th e  p roduc t iv i ty  of sawlog cutt ing o pe ra t ions  were  i n v e s t ig a t e d  by two 
a l t e rn a t iv e  t ime s tudy  t e ch n iq u es  namely D e ta i l ed  t ime s tudy and 
G ross  Da ta  t ime s tudy .
Twenty four ope ra t ions  in New South W a l e s  and the  Aust ra l ian  
C a p i t a l  Terr i tory  were  subdiv ided  into  work e lem en ts  for D e ta i l ed  
t ime s tu d y .  The mean t ime per t ree  spen t  on e ac h  e lem en t  in eac h  
ope ra t ion  w a s  de te rm ined  and re g re s s io n  a n a l y s i s  u s e d  to  find out 
which  s tand  d i f f e r en c es  affec ted  i t .  The r e g r e s s io n  e q u a t io n s  were  
ag g rega ted  to  e s t i m a te  mean cutt ing t ime per t r e e .  C u t t ing  p roduct iv i ty  
i s  the  quo t ien t  of mean volume per removed t r ee ,  e s t im a te d  from a 
t ree  volume equ a t io n ,  and mean cu t t ing  t ime per t r e e .  I ts  v a r i a n ce  
w a s  c a l c u l a t e d  a s  a measure  of i t s  p r e c i s io n .
O b se rv a t io n s  for Gross  Data  t ime s tudy  were  ob ta ined  by 
d iv id ing  th e  mean volume per removed t r ee  for e a c h  opera t ion  by the 
mean cu t t ing  t ime per t r e e .  Severa l  r e g r e s s io n  models  of th e  e f f e c t s  
of s tand  d i f f e r en c es  were  t e s t e d .  The b e s t  Gross  D a ta  model gave 
r e s u l t s  for cu t t ing  product iv i ty  as p re c i s e  a s  th o s e  de r ived  by D e ta i led  
t ime s tudy .
Effects  of s tand  d i f fe rences  on award w a g e s  for cu t t ing  were  
in v e s t ig a t e d  u s in g  the  b e s t  Gross  D a ta  e q u a t io n .  C h a in sa w  c o s t s  
were  a l s o  i n v e s t ig a te d ,  us ing D e ta i led  t ime s tudy  r e s u l t s  to  
de termine  the  frac tion  of working t ime spen t  on a c tu a l  s a w i n g .
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Stand d i f f e r en ces  a cco u n ted  for only  15 per cen t  of the  to ta l  
v a r i a t io n  in cu t t ing  p roduc t iv i ty .  The remain ing  va r ia t ion  w as  probably  
c a u s e d  by d i f f e r en ces  in cu t te r  performance l e v e l s .  This should  be 
t a k e n  in to  co n s id e ra t io n  in the  d e s ig n  of future s t u d i e s .  Gross  D a ta  
t ime s tudy  would  c o s t  only half  as  much as  D e ta i l ed  t ime s tudy but the  
l a t t e r  c an  provide  ex tra  information for deve lop ing ,  s im ula t ing  and 
compar ing  a l t e rn a t iv e  m e t h o d s »
The following tab le  shows the e f fe c t s  of d i f f e rences  be tw een  
s t a n d s  wi th  regard  to the number of t r e e s  removed per acre  on the 
p roduc t iv i ty  and c o s t  per uni t  volume for cu t t ing .
Number of t rees  
removed per acre
C ut t ing  
p roduct iv i ty  
(cubic fee t  
per man hour)
C o s t
($ per 100 
cub ic  feet)
25 201 0.85






It is  a s s u m e d  th a t  w eek ly  w a g e s  sp ec i f ie d  by the t imber 
W orkers  C o n so l i d a t e d  award (April 197 0) are paid  toge ther  with  an 
in c en t iv e  payment  for p iece  work and an a l low ance  for owning 
and opera t ing  a c h a in  s aw .  A propor t ional  part  of the  pay for 
the annua l  l eave  is  inc luded  and a forty hour working  w eek  is
a s s u m e d .
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APPENDIX A
A SCHEME FOR SUBDIVIDING CUTTING OPERATIONS 
INTO ELEMENTS FOR TIME STUDY
Elements  of cu t t ing  work can  be de f ined  by a d e sc r ip t i o n  of 
e a c h  e lem en t  and  the  a c t io n s  which mark i t s  beg inn ing  and end .
C o l l e c t  too l s  beg ins  w hen  a cutter s t a r t s  movement wi th  the  
in ten t ion  of c o l le c t in g  t o o l s .  The cut ter may a l s o  d e p o s i t  any too ls  
he has  in hand before co l le c t in g  the too ls  he r e q u i r e s .  The e lem en t  
ends  when he s ta r t s  to  re tu rn  to  the work p la ce  w i th  the  too ls  he 
r e q u i r e s .
Walk  to t ree  beg ins  w hen  the  cu t te r  s t a r t s  to  w a lk ,  hav ing  the  
appropr ia te  to o l s  in h and .  The e lement e n d s  when  he r e a c h e s  the  
t ree  or in te r rup ts  h is  journey to  perform some other e l em en t .  A 
cu t te r  must of ten in te rrupt the  performance of some o ther e lem en t  
such  as  "trim b ran ch es"  to  perform the  e lem en t  "walk  to  t r e e "  . W hen  
two t r e e s  l ie so c lo s e  toge ther  tha t  the  in te r rup t ion  i s  neg l ig ib le ,  they  
may be d e sc r ib ed  a s  a d j a c e n t .
C lea r  debr is  from b a se  of t ree  begins  w hen  the  cu t te r  t o u c h e s  the  fi rs t  
p ie ce  of debr is  and ends  when he le t s  go of the  l a s t  p i e c e .
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I n s p e c t  and prepare  to fell  beg ins  when the  cu t te r  s ta r t s  to look 
around and ends  when he c e a s e s  to  do s o .  The cu t te r  may w a lk  
around whi le  performing the  element«
Saw b eg ins  when the  cha in  saw s t a r t s  to  cu t in to  the  t ree  and ends  
when it jams in the  cut,  the  t ree  h i t s  th e  ground or the  t ree  becomes  
lodged in the  crown of another t r e e .
Remove s p l in te r s  from butt of fe lled  t ree  s t a r t s  w hen  the  cu t te r  r a i s e s  
h is  saw  to  the  sp l in te r  and ends  when the  sp l in te r  i s  cut off .
Trim b ranches  beg ins  when the  cu t te r  f i rs t  r a i s e s  h is  axe  to chop a 
branch off a t ree  and ends  when he chops  the  l a s t  branch off the  
t ree  or group of a d jac e n t  t r e e s .
M ea su re  log leng ths  (or b i l le t  lengths) b eg ins  w hen  the  cu t te r  p l a c e s  
h is  m easur ing  s t ick  on the  butt of the  fi rst  log or b i l le t  and ends  
when he marks on the  smal l  end of the  log or b i l le t  the  p o s i t io n  at 
which  it w i l l  be c r o s s c u t .  A l te rna t ive ly  the  e lem en t  en d s  w hen  he 
marks the  l a s t  log or b i l le t  in a group of a d j a c e n t  t r e e s .
Walk  to  log is  def ined  in a similar way to  "walk  to  t ree"  but is  
performed when a cu t te r  w a lk s  to  a sp e c i f i c  log which  h a s  been
marked for c ro s sc u t t in g  or a c tu a l ly  c r o s s c u t .
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Cr o s s c u t  beg ins  when the  saw s t a r t s  to  cu t the  t ree  at the  point of 
c ro s sc u t t i n g  and  e n d s  when the  saw jams in the  cut or the  cu t is  
c o m p le ted .  The cu t te r  may cut off the  u n m erchan tab le  top of a t ree  
w i th  h is  axe during tr imming.
Pick up b i l le t ,  ca r ry  to  s t a c k  and put down beg ins  when  the  cu t te r  
t o u c h e s  the  b i l l e t .  He p ic k s  it up, throws it tow ards  the  s t a c k  or 
c a r r i e s  i t ,  and p l a c e s  it on the  s t a c k .  He may then  a d ju s t  i t s  
p o s i t io n .  The e lem en t  en d s  when the  cu t te r  l e t s  go the  b i l le t  and 
may be in te r rup ted  when he u s e s  h i s  axe  to  perform the  e lem ent  
"trim branch s tu b s  on b i l l e t " .  If the  p o s i t io n  of a b i l le t  on a 
s t a c k  is  a d ju s t e d  la te r ,  the  e lem ent  i s  an unav o id ab le  d e la y .
Trim branch  s tu b s  on b i l l e t  beg ins  when  th e  cu t te r  chops  the  fi rs t  
b ranch  s tub  on a b il le t  and  ends  when  he ch o p s  the  l a s t  branch 
s tub  on tha t  or some a d j a c e n t  b i l l e t .
Spiking is  a s u b o p era t io n  com posed  of the  e l em en t s  " co l lec t  t o o l s " ,  
"walk  to  log (or b i l le t )"  and "trim branch  s tu b s  on b i l l e t " .  I t  is  
performed by s aw log  c u t t e r s  after logs  have  been sn igged  to  r o a d ­
s ide  .
C lea r  s l a s h  from outrow beg ins  when the  cu t te r  to u c h e s  the  first  
p iece  of s l a s h .  He may w a lk  from one p ie ce  of s l a s h  to a no the r .
The e lem en t  ends  when he le t s  go the  l a s t  p iece  of s l a s h  he in tends
to  c l e a r .
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Cut and c lea r  hardwood d s b n s  in outrow i s  a subopera t ion  com posed  
of any  of the  above  e lem en ts  which  are  performed in order to  cut up 
p i e c e s  of hardwood debr is  lying on or a c r o s s  the  outrow and to  c lea r  
such  p i e c e s  a s  th e  cu t te r  can  l i f t .
Chain  saw m a in ten an ce  begins  when the  cu t te r  shows h is  in ten t ion  
to perform the  e l em en t .  The t a s k s  performed inc lude  re fue l ing ,  
re f i l l ing  wi th  oil ,  sharpening  the  c h a i n ,  c le a n in g  e t c .  The cu t te r  
may a l s o  c o l l e c t  the  n e c e s s a r y  to o l s  for the  t a s k  and, on comple t ing  
the  m a in te n an c e ,  t e s t  the  chain  saw on a p ie ce  of unm erchan tab le  
w ood .  The e lem en t  ends  when the  cu t te r  re tu rns  to  the  work p lace  
wi th  a s e r v i c e a b le  s aw .
Rest and meal  b reaks
D e lay s  begin  and end app ro p r ia te ly .  D e la y s  may be c l a s s i f i e d  as  
"u n avo idab le"  or " a v o i d a b le " .  In t h i s  s tudy ,  the  following d e l a y s  
were  c o n s id e re d  " u n a v o id a b le " .
fau lty  s ta r t ing  of a cha in  saw
freeing  a cha in  saw jammed during fe ll ing
d is lo d g in g  a lodged t ree
throwing a s id e  s l a s h  during tr imming
sharpen ing  an axe
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free ing a cha in  saw jammed during c r o s s c u t t i n g  
the  c u t t e r ' s  p e r so n a l  n eed s  
a d ju s tm en t s  to  c lo th ing
in te rrupt ion  by a th ird  party  e n g ag e d  on sup e rv i s io n  
a d ju s t in g  s t ac k e d  b i l l e t s




DATA ON SHORTWOOD CUTTING AT SUNNY CORNER
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TABLE 22
—H ata  on  C u tte r  1
M ean  b a sa l  a rea  per  rem oved  t re e  
(square  f e e t )
0 . 2 5 0 . 2 9 0 . 2 9 0 . 2 3 0 . 2 1 0 . 2 6 0 . 1 9 0 . 1 8 0 . 1 8
M ean  s ta c k  volum e
(cubic  fe e t )
71 4 7 18 82 4 5 22 83 52 22
Element M ean  t im es  per tree
Symbol* (m in u tes )
1 0 . 0 2 0 . 0 3 0 . 0 3 0 . 0 5 0 . 0 6 0 . 0 4 0 . 0 2 0 . 0 3 0 . 0 4
2 0 . 1 6 0 . 1 9 0 . 1 9 0 . 2 0 0 . 1 4 0 . 2 0 0 . 1 7 0 . 1 6 0 . 1 8
3 0 . 0 2 0 . 0 3 0 . 0 2 0 . 0 3 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 0
4 0 . 1 1 0 . 1 4 0 . 1 8 0 . 1 3 0 . 1 0 0 . 1 0 0 . 0 8 0 . 1 1 0 . 1 0
5 0 . 2 1 0 . 2 6 0 . 2 3 0 . 1 8 0 . 1 8 0 . 2 0 0 . 1 5 0 . 1 8 0 . 1 8
6 0 . 0 6 0 . 0 0 0 . 0 0 0 . 0 5 0 . 0 0 0 . 0 6 0 . 0 0 0 . 0 0 0 . 0 1
7 0 . 2 3 0 . 3 1 0 . 4 1 0 . 3 4 0 . 7 5 0 . 2 9 0 . 1 3 0 . 1 7 0 . 2 1
8 0 . 0 8 0 . 0 3 0 . 0 2 0 . 0 2 0 . 0 3 0 . 0 6 0 . 0 3 0 . 0 5 0 . 0 4
9 0 . 1 4 0 . 1 6 0 . 1 8 0 . 1 4 0 . 1 4 0 . 1 5 0 . 1 5 0 . 1 7 0 . 1 4
10 1 . 3 7 1 . 6 2 1 . 8 0 1 . 5 2 1 . 0 2 1 . 8 2 0 . 9 2 1 . 1 0 0 . 9 5
11 0 . 0 1 0 . 1 1 0 . 0 5 0 . 0 1 0 . 0 0 0 . 0 1 0 . 0 4 0 . 0 2 0 . 0 3
IZ 0 . 0 4 0 . 0 3 0 . 0 4 0 . 0 3 0 . 0 3 0 . 0 8 0 . 0 5 0 . 0 3 0 . 0 3
13 0 . 1 0 0 . 1 1 0 . 1 3 0 . 1 2 0 . 1 0 0 . 1 4 0 . 1 0 0 . 1 1 0 . 1 0
14 0 . 2 4 0 . 2 6 0 . 2 3 0 . 2 5 0 . 1 8 0 . 3 2 0 . 1 4 0 . 1 6 0 . 1 4
15 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
16 0 . 0 8 0 . 0 9 0 . 0 4 0 . 0 3 0 . 0 4 0 . 0 8 0 . 0 3 0 . 0 6 0 . 0 4
17 0 . 2 0 0 . 2 7 0 . 2 7 0 . 2 3 0 . 2 0 0 . 2 4 0 . 2 0 0 . 1 9 0 . 1 9
18 0 . 1 5 0 . 2 4 0 . 2 2 0 . 1 5 0 . 1 2 0 . 1 7 0 . 0 9 0 . 1 0 0 . 0 9
19 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 0 0 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
2 0 0 . 0 0 0 . 0 0 0 . 0 2 0 . 0 0 0 . 0 1 0 . 0 0 0 . 0 2 0 . 0 5 0 . 0 9
21 0 . 4 3 0 . 4 1 0 . 5 0 0 . 4 7 0 . 3 7 0 1 4 4 0 . 4 3 0 . 3 7 0 . 3 3
22 0 . 6 8 0 . 6 4 0 . 8 1 0 . 8 4 0 . 5 7 0 . 6 4 0 . 6 4 0 . 5 5 0 . 4 2
23 0 . 0 9 0 . 0 9 0 . 0 6 0 . 0 5 0 . 0 3 0 . 0 4 0 . 0 3 0 . 0 2 0 . 0 3
24 0 . 0 0 0 . 0 4 0 . 0 4 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 1 0 . 0 1 0 . 0 0
25 0 . 2 8 0 . 5 5 0 . 1 5 0 . 2 5 0 . 1 5 0 . 2 7 0 . 1 3 0 . 1 2 0 . 0 6
2 6 0 . 0 0 0 . 0 6 0 . 1 1 0 . 1 6 0 . 0 5 0 . 0 3 0 . 0 9 0 . 0 0 0 . 0 0
27 0 . 0 6 0 . 1 6 0 . 0 6 0 . 1 0 0 . 0 6 0 . 2 4 0 . 0 9 0 . 0 8 0 . 2 0
2 8 1 . 6 3 1 . 7 0 2 . 7 4 2 . 4 8 1 . 7 6 1 . 5 6 1 . 5 1 2 . 1 5 2 . 3 1
* s e e  Table 2 (page 19)
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TABLE 23 
D ata  on  C utte r  2
M ean  b a sa l  area  per  rem oved  t re e  
(square  f e e t )
0 o 26 0.25  0.25  0.22  0 .21  0 . 25  0 . 19  0 . 1 9  0 .18
M ean  s tac k  volume 
(»cubic f e e t )
77 41 15 60 40 19 63 43 23
Element M ean  t im es  per  t re e
Symbol* (m in u te s )
1 0.02 0.01 0.05 0.03 0 .05 0.05 0.02 0 . 00 0.06
2 0 .14 0.14 0.15 0.15 0 .14 0 . 18 0.15 0 .14 0.15
3 0 .00 0.03 0.01 0 . 0 0 0.01 0 . 0 0 0 . 0 0 0 . 0 0 0 .00
4 0.11 0 . 10 0.08 0 .09 0 . 1 0 0.14 0.11 0.07 0.08
5 0.18 0.14 0.16 0 . 20 0 . 14 0.22 0.17 0.16 0.17
6 0.07 0.02 0 . 04 0 . 00 0 . 05 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00
7 0.35 0 .29 0 .48 0 .18 0 . 24 0 . 23 0 . 15 0.21 0.15
8 0.04 0.01 0.03 0.02 0 .02 0.01 0 .02 0 . 0 0 0.01
9 0.12 0 . 09 0 .09 0.07 0 .13 0.12 0 .07 0 . 09 0.07
10 1.39 1.32 1.36 1.00 0.97 1.31 0.71 0 .73 0 . 70
11 0.07 0.03 0.01 0.05 0.05 0 . 06 0.03 0.05 0.01
12 0 . 00 0 . 00 0 . 00 0 .00 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0 0 . 00
13 0 .00 ( 0 . 00 0 . 00 0.03 0 . 00 0.02 0 .02 0.08 0.04
14 0.31 0.32 0 . 30 0.24 0 .24 0.27 0 . 18 0 . 2 0 T) . 17
15 0 . 00 0 . 00 0.02 0.02 0 . 0 0 0 . 0 0 0.01 0 . 0 0 0 . 00
16 0.01 0.02 0.05 0.02 0 .03 0.03 0.01 0 . 0 0 0.01
17 0.23 0.21 0 . 20 0 . 20 0 .18 0.26 0 . 16 0.17 0.16
18 0.20 0 . 19 0 . 19 0.14 0.13 0 .16 0 . 09 0 . 1 0 0 . 09
19 0.01 0 . 00 0 . 00 0 .00 0 . 0 0 0.04 0.01 0 . 0 0 0 . 00
20 0 .00 0 .00 0 . 00 0.03 0 . 00 0.02 0.01 0.01 0.01
21 0.56 0.55 0.33 0.46 0 . 4 0 0 .45 0.37 0.37 0.31
22 0.83 0.85 0.56 0.75 0.61 0.77 0 .66 0.64 0.51
23 0.13 0.11 0.07 0.06 0.07 0.05 0 .04 0.04 0.03
24 0 . 00 0.01 0 . 00 0 . 00 0 . 00 0.01 0.01 0 . 0 0 0.01
25 0.42 0.22 0.51 0.17 0.32 0 .34 0 .15 0 .14 0 . 18
26 0.01 0.01 0.03 0.10 0 . 08 0.22 0 . 0 8 0 . 10 0.05
27 0.09 0.03 0 . 00 0.04 0.02 0.03 0 . 08 0 .04 0.06
28 0.56 0.61 0.06 0.47 0.53 0 . 6 0 0.31 0 .05 0 .39
* see  Table 2 (page 19)
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TABLE 24 
D ata  on  C u tte r  3
M ean  b a sa l  a rea  per  rem oved  t re e  
(square  fe e t )
0 . 23  0 .26  0.25  0.23  0 . 2 4  0 . 2 9  0 . 29  0 . 1 9  0.21
M ean  s ta c k  volum e 
(cubic  fe e t )
55 34 14 83 33 20 55 41 16
Element M ean  t im es  per  t re e
Symbol* (m in u te s )
1 0 .0 0 0.02 0.07 0 .04 0.04 0 . 08 0.04 0 .04 0.07
2 0 . 29 0.26 0.27 0 . 2 8 0.27 0.22 0.22 0.21 0.24
3 0.05 0.01 0 . 00 0.02 0.01 0 . 0 0 0 . 0 0 0.01 0.02
4 0 .1 0 0.25 0.15 0.13 0.17 0.12 0 . 1 0 0 . 08 0 .10
5 0 .26 0.21 0.21 0 .14 0 .18 0.12 0 . 1 9 0.17 0.22
6 0 .12 0 . 0 0 0 . 00 0 . 03 0 . 0 0 0 .02 0 .01 0 . 0 0 0 . 0 0
7 0 . 19 0.36 0.17 ' 0.27 0 .16 0.13 0.13 0 . 1 0 0 .08
8 0 . 00 0.04 0.06 0.02 0.01 0 . 0 0 0.07 0.02 0.05
9 0.01 0.34 0.22 0 . 18 0.37 0.11 0 . 09 0.07 0 .10
10 2 . 34 1.96 1.49 1.73 2 . 0 8 1.57 1.11 0 . 88 1.28
11 0.07 0.13 0.26 0.03 0 .04 0 . 10 0.03 0 . 0 0 0.11
12 0.01 0 . 00 0 .00 0 . 0 0 0 . 0 0 0 . 0 0 0 . 00 0 . 0 0 0 . 00
13 0 .06 0.02 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 0 0 0 . 00
14 0 . 60 0.64 0.53 0.42 0.53 0.45 0.43 0 . 3 8 0.46
15 0 . 0 0 0 . 10 0 .00 0 . 00 0 . 0 0 0 . 00 0 . 00 0 . 0 0 0 . 00
16 0 . 00 0 . 00 0 .00 0 . 00 0 . 0 0 0 . 00 0 . 00 0 . 0 0 0 . 0 0
17 0 . 00 0 .00 0 .00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 0 0 0 . 00
18 0.33 0.26 0.19 0 . 16 0.17 0.11 0.13 0.12 0.12
19 0 . 00 0.00 0 .00 0 . 09 0.01 0.01 0 .16 0.02 0.01
20 0 . 00
ooo
0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 0 0 0 . 00
21 0.54 0.44 0 . 30 0.37 0 . 2 9 0 .16 0.44 0 . 34 0 . 30
22 1.04 0 .89 0.85 0.95 1 . 00 0.61 0 . 78 0 .56 0.56
23 0 . 00 0.01 0.04 0 .07 0.01 0.06 0.02 0 .04 0.03
24 0.07 0 . 00 0 . 00 0 . 0 0 0 . 00 0 . 0 0 0 . 00 0 . 0 0 0 . 00
25 0.52 0.45 0.34 0 . 49 0 .33 0.61 0 . 3 0 0 .43 0.57
26 0 . 19 0.46 0.15 0 .16 0.05 0.01 0.17 0.21 0.14
27 0.43 0.11 0.14 0 . 09 0.05 0 . 0 0 0.05 0.05 0 . 00
28 1.95 2.04 0.59 2 . 64 1 .20 1.08 1.18 0 . 7 0 0.33
* see  Table 2 (page 19)
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APPENDIX C
CONVARIANCE ANALYSIS OF SHORTWOOD CUTTING REGRESSIONS
TABLE 25
Test ing  a common c o n s t a n t
Source of va r ian ce D eg rees  
of freedom
U ncorrec ted  
sums of 
s q u a r e s
M ean
square
Sepa ra te  c o n s t a n t s  and 
c o e f f i c i e n t s  for e ac h  cu t te r 9 1026 .58
Common c o n s ta n t 7 1018 .76
Dif fe rence 2 7 .8 2 3 .91
Res idua l  about model 
with  s ep a ra te  c o n s t a n t s  
and c o e f f i c i en t s 18 7 .1 0 0 .3 9
TOTAL 27 1033 .68
The ra t io  of the  d i f fe rence  mean square  to  the  r e s id u a l  mean 
square  w a s  grea te r than  the  t a b u la t e d  v a lue  of F i s h e r ' s  F -  s t a t i s t i c  at 
the  95% leve l  of p robab i l i ty .  It w a s  conc luded  tha t  the  c o n s t a n t s
dif fered  s ig n i f ic an t ly  be tw een  c u t t e r s .
I l l
TABLE 26
T e s t in g  a common r e g r e s s io n  c o e f f ic ien t  of
mean b a s a l  a rea per removed t ree
Source of v a r i a n c e D eg rees U ncorrec ted M ean
of freedom sums of square
sq u a res
Sepa ra te  c o n s t a n t s  and 
c o e f f i c i e n t s  for e a c h  cu t te r 9 1026 .58
Common c o e f f ic ien t  for 
mean b a s a l  a rea  per removed 
t ree 7 1020.95
D if fe rence 2 5 .63 2 .82
Res idua l  about model 
w i th  s e p a ra te  c o n s t a n t s  
and c o e f f i c i e n t s 18 7 .1 0 0 .39
TOTAL 27 1033 .68
The ra t io  of the  d i f fe rence  mean square  to  the  r e s id u a l  mean 
square  w as  g rea te r  than  th e  t a b u la t e d  va lue  of F i s h e r ' s  F- s t a t i s t i c  
at the  95% lev e l  of p ro b ab i l i ty .  It w a s  co n c lu d e d  tha t  the  
c o e f f i c i e n t s  on mean b a sa l  a rea  per removed t r ee  d if fered  s ig n i f i ­
can t ly  be tw een  c u t t e r s .
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TABLE 27
Tes t ing  a common r e g r e s s io n  c o e f f ic ien t  
of mean s t a c k  volume
Source of v a r ian ce D egrees  
of freedom
U ncorrec ted  
sums of 
s q u a r e s
M ean
square
Separa te  c o n s t a n t s  and 
c o e f f i c i en t s  for e ac h  cu t te r 9 1026 .58
Common c o ef f ic ien t  for 
mean s t a c k  volume 7 1016 .80
Difference 2 9 .7 8 4 .8 9
Res idua l  about model 
wi th  s e p a ra te  c o n s t a n t s  
and c o e f f i c i e n t s 18 7 .10 0 .3 9
TOTAL 27 1033 „68
The r a t io  of the  d i f fe rence  mean square  to  th e  r e s id u a l  mean- 
square  w a s  g rea te r  than  the  t a b u la te d  va lue  of F i s h e r ' s  F -  s t a t i s t i c  at 
the  95% leve l  of p robab i l i ty .  It w a s  c o n c lu d ed  tha t  the  c o e f f i c i e n t s  
on mean s t ac k  volume d if fered s ig n i f ic a n t ly  be tw een  c u t t e r s .
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APPENDIX D
DATA ON LOGGING OPERATIONS AT TUMUT
TABLE 28











4 162 .14 74 .5 2 159 .90 65 65 245 245
5 2 4 1 .1 4 56 .04 158 .17 35 48 171 243
6 188 .04 100.82 8 0 .0 0 63 69 420 459
7 227 .35 95 .6 3 115 .10 39 40 362 365
8 109 .54 59 .44 111.54 46 46 212 212
9 510 .60 82 360
10 161 .00 31 206
11 191 .55 38 200
12 226 .50 31 175
* r e s t  and  meal b reaks
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TABLE 29
D ata  on the  ex t rac t ion  of bunches  by sk idder
Skidder M ach ine  time* 
(minutes)





t r ip s
A 2 1 3 .9 9 57 .31 1538 30
B 214 .02
c
64 .44 1381 27
C 84 .27 27 .73 466 11
D 169.97 63 .84 918 27
★ def ined  in Table  6 (page 33 )
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APPENDIX E
VOLUME YIELDS FROM FIRST THINNINGS IN THE 
BATHURST PLANTATIONS
TABLE 30
Volumes removed in 1965 -  197 0 
(in th o u san d s  of cubic  feet)
P lan ta t ion
1965 1966
Year of th inn ing  
1967 1968 1969 1970
Glenwood 155
C an o b o la s 569 427 329 603 416 421
Vulcan 89 65 152
Gurnang 194 431 245 322 136 257
Jenolan 477 576 264 587 814 498
Sunny Corner 210 318 477 799 121 531
TABLE 31
Volumes to  be removed in 1972 -  1977 
(in t h o u san d s  of cub ic  feet)
P lan ta t ion
1972 1973
Year
1974 1975 1976 1977
Glenwood 289
C an o b o la s 747 655 480 509 621 636
Vulcan 618 373 377 297 583 286
Gurnang 243 170 246 182 228 212
Jenolan 102 318 440 100 265 371
Sunny Corner 395 530 403 382 615 594
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APPENDIX F
COSTS OF FOREST MACHINERY
C o s t  da ta  are  given in Tab les  32 and  33 below for the  
fo llowing m ach ines :
(a) a 42 H . P ,  forwarder
(b) a 97 H . P .  sk idder  equ ipped  w i th  a loading  boom and
winch
(c) a 40 H . P .  indus t r ia l  t r ac to r  equ ipped  w i th  a s ing le
drum winch  and  a l ight frame su i t a b le  for bunching
(d) a 97 H . P .  sk idder  with  w inch
(e) a 40 HoP. indus t r ia l  t r ac to r  equ ipped  wi th  a s a f e ty
canopy ,  ha l f  t r a c k s ,  double  drum winch  and a sk id
pan o
The method for c o s t i n g  fores t  mach inery  d e v e lo p ed  by the  
Fores t ry  and Timber Bureau (de Vries,  1967) w a s  used» Although th i s  
method is  h igh ly  s im pl i f ied  and ignores  su ch  c o s t s  a s  a dm in is t ra t ive  
o v e rh e ad s ,  profit  and income tax ,  it n e v e r t h e l e s s  p rov ides  sn  a c c e p ta b l e  
b a s i s  for com para t ive  c o s t  s t u d i e s .
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TABLE 32




42 H . P .  forwarder 16 ,500
97 H . P .  sk idder 2 4 ,0 3 0
Loading  boom 2, 600
40 H . P .  In d u s t r ia l  t rac to r  
W inch  and skid  frame
3, 900
for bunching 300 1
97, H . P .  sk idder 2 4 ,0 3 0
40 H .P .  in d u s t r ia l  t r ac to r 3, 900
Safe ty  canopy 180
Half  t r a c k s 2, 000 2
Double  drum winch 1 ,210
Skid pan 300
quote  from a loca l  manufacturer  at  T u m u t . 
Another s ing le  drum winch  w as  quo ted  at  $905 .
quote  of a c tu a l  price  unava i lab le»  
A r e a s o n a b le  e s t im a te  w as  u s e d .
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TABLE 33
C o s t  d a ta  for log e x t ra c t io n  p lant










P urchase  pr ice $1 6 ,5 0 0 $ 2 6 ,6 3 0 •$4, 200 $2 4 ,0 3 0 $7,590
Expec ted  l ife 
(machine hours) 5000 6000 4800 6000 4800
Fuel consum pt ion  
(gallon s /hour) 1 .5 2 . 0 0 .6 2 . 0 0 .6
Purchase  pr ice  
of a s e t  of ty re s $834 $ 1 ,5 2 9 $354 $1, 529 $354
Expec ted  l ife 
of a se t  of ty re s  
(machine hours) 2000 2000 2000 2000 2000
M a in te n a n c e  & 
repa ir  c o s t s  a s  
a p e rc en ta g e  of 
d e p re c ia t io n 90% 7 0% 70% 7 0% 75%
The c o s t  of in su ra n c e  is  a s s u m e d  to  be 1 per cen t  of the  average  
c a p i t a l  i n v e s t m e n t .  The annual  c o s t  of the  i n t e r e s t  on in v e s t e d  c a p i t a l  
i s  a s s u m e d  to  be 8 per cen t  of the  ave rage  c a p i t a l  i n v e s tm e n t .  The 
c o s t  of fuel  i s  42 c e n t s  per ga l lon  and the  c o s t  of oil  i s  a s s u m e d  to
be one t e n th  of the  c o s t  of fuel  per machine  hour.
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Loca t ions  of the  s tudy p lo t s
P lan ta t ion Compartment Age
(years)
C u t te r s
Uriarra 122 29 1 and 2
Uriarra 124 31 3 and 4
Uriarra 121 29 5 and 6
P ie rce s  C reek 22 36 7 and 8
Murraguldrie 13 40 9
Murraguldr ie 33 36 10 and 11
C arab o s t 6 39 12
C ar ab o s t 6 39 13
M an n u s 52 32 14
M annus 23 38 15 and 16
Green  H i l l s 60 33 17
Green  H i l l s 60 33 18
Green  H i l l s 62 33 19
Bil lapaloola 22 35 20
Bil lapaloola 29 33 21
Bil lapaloola 30 33 22
Bil lapaloola 22 35 23
Bil lapaloola 1 39 24
Bil lapaloola 30 33 25
Bil lapaloola 30 33 26
Billapaloola 22 33 27
Jenolan 17 35 28 and 2 9
Vulcan 11 36 30 and 31


























I n t e n s i t y  of th inn ing
Basal a rea  per acre  Basal  a rea  per acre
before  th inn ing  a f te r  th inn ing

















































M e a s u re d  s tan d  v a r i a b l e s
M ean  b a sa l  a re a  M ea n  smal l  end Predominant M ean
per removed t r ee  s e c t i o n  area  he ight  m erch an tab le
(square  feet) (square  feet) (feet) volume
(cubic feet)
1.01 0 .2 4 115 31 .4
0 .9 8 0 .22 120 32 .3
1.02 0 .2 8 124 33 .5
1 .34 0 .32 121 4 5 .3
1.73 0 .3 7 111 5 5 .8
1.07 0 .3 0 99 2 8 .8
1 .38 0 .27 130 51 .8
1 .1 0 0 .2 8 114 34 .2
CO00
o
0 .31 121 23 .7
1 .56 0 .47 122 4 9 .3
1 .16 0 .36 126 3 7 .9
1 .29 0 .33 129 4 5 .9
1 .19 0 .3 8 106 32 .7
1 .34 0 .35 128 4 7 .5
0 .64 0 .37 110 12.4
'  0 .75 0 .3 8 1 1 1 16 .4
0 .85 0 .26 131 2 7 .6
1.91 0 .53 117 61 .2
0 .89 0 .3 0 111 24 .5
0 .94 0 .3 4 105 24 .2
LOCDO 0 .2 8 107 2 6 .5
1 .50 0 .2 8 110 4 8 .9
1 .79 0 .37 113 61 .4


























M e a s u re d  s tand  v a r i a b l e s
Number of t r e e s  Number of t r e e s  Ground M ea n  length  
removed per acre  s lope  of s aw io g s  cut
per acre  before th inn ing  (degrees)  (feet)
49 157 14 13
70 159 13 11
36 127 7 10
34 101 4 11
27 81 2 15
28 79 12 18
36 87 14 14
36 101 11 21
79 127 2 22
57 101 1 15
46 131 3 15
28 101 5 15
51 157 8 15
42 111 7 14
174 250 15 14
149 208 14 14
149 232 13 14
32 83 4 14
79 133 12 14
157 246 14 14
95 180 17 14
26 79 8 23
34 79 11 22
62 121 3 22
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Mean  e lement  t imes  
(in minutes  per  tree)
Element*
3 4 5 6 71
0 * 32 
0.01 
0.01 
0 .02  
0 .24  
0 .27  
0 .15  
0.11 
0.21 
0 . 78  
0.17 
0 .13  
0 .05  
0 . 00  
0.05 
0.03 
0 .16  
0 .00  
0 . 00  
0 .24  
0 . 00  
0 . 00  











0 . 2 9
0 . 3 0
0 . 28
0.31
0 . 2 8
0.43
0 . 2 0
0 . 20
































0 . 7 0
0.43
0.34











0 . 2 9









0 . 0 0











0 . 0 0
0 .07
0 . 0 0
0 . 0 0
0 . 0 0
0 . 08
0 . 0 0
0 . 0 0
0 . 0 0
0. 02
0. 21














0 . 0 0
0.12
0.07







0 . 1 0
0 ,34
0 .56




0 . 3 0











































Mean  e lement  t imes  
(in minutes  per tree)
Element*
10 11 12 13 148
3 .92
4 . 22
3 . 0 0
3 . 9 0
5 . 5 9  
3 .45  
3 . 3 9
3 .31 
2 . 06
4 o 15 
2 . 5 0
3 . 62  
3 . 67  
3 .82  
0 . 76  
0 .9 9  
3 .2 9  
4 .1 3  
2 .1 6  
2 .0 6
2 . 6 0  
4 . 1 6  
5 . 86  
4 . 81
9
0 . 2 0
0 . 0 0
0 . 09
0.31
0 . 0 0
0 . 2 0
0 . 0 0
0 . 2 0
0 . 14















0 . 3 0  
0 .05  
0 . 08  
0 . 18  
0 . 28  
0 .18  
0 . 00  
0 . 00  
0 . 24  
0 .24  
0 . 24  
0 .36  
0 . 29  
0 . 38  
0 . 19  
0 .24  
0 .31  
0 .38  
0. 21  
0 . 15  
0 .34  
0 .32  

































0 . 1 0
0 . 2 9
0 . 84
0 . 1 9
0 . 1 8
0 . 1 9
0 .01







0 . 0 4










0 . 4 0
1 .08
0 . 5 9















0 .82  
1 . 09  
1 .58  
0 . 58
1.64  
0 ,42  
0 .71
2.61  
0 .63  
0 .73  
0 . 6 8  
. 0 . 86  
0 .24  
0 .32  
0 .63  
1 .28  
0 .37  
0 . 39  
0 . 59  
0.51 
0 .95  
0 .33


























Mean  e lement  t imes  
(in minutes  per t rees)
Element*
15 16 17 18 19
0 . 0 0 0 . 28 0.46 0.42 0.45
0 . 0 0 0 . 00 0.44 0.12 0 . 36
0 . 0 0 0 . 09 0 . 0 0 0.17 0 . 69
0 .01 0 . 26 0 . 46 0.33 2 . 73
0 . 2 9 0 .26 0.83 0.33 4 . 11
0 . 23 0 . 09 0 . 2 0 0 .08 4 . 0 5
0 . 16 0.13 0.97 0 . 48 6 . 3 8
0 . 0 8 0 . 08 0 .46 0.05 3 . 85
0 . 03 0 . 29 0 . 14 0.17 1 . 50
0 . 1 4 0.13 1.24 2.81 6 . 4 5
0 . 2 8 0 . 29 0.31 0.07 2 .37
0.11 0.2T3 0.37 0 . 00 2 . 54
0 o 08 0 .38 0 .45 0 .56 3 . 56
0 . 32 1.24 1.03 0 . 0 0 3 . 2 9
0 . 0 4 0 . 19 0 . 18 0.03 1. 10
0 . 07 0.27 0 .37 0 .24 2 . 2 9
0 . 12 0 . 48 0.52 0.03 5 . 7 6
0 .22 0.43 1 .06 0.26 1.45
0 . 05 0 . 68 0 .65 0 . 0 0 0 . 7 9
0 . 0 9 0 . 49 0 .32 0 . 09 1 .46
0 . 06 0 . 4 0 0 . 55 0.25 2 . 1 2
0 . 0 0 0.02 0 . 0 0 0.57 7 .01
0 . 0 0 0 .26 0 . 66 0 .44 4 . 05
0 . 0 0 O.DI 0 .57 0.22 2 . 65
* s e e  Table  15 (page 51 ) .
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APPENDIX I
SPECIAL STUDIES OF TRIMMING
Since trim m ing m eans cu tt in g  off b ra n ch es  w ith  an axe a s  c lo s e  
to  th e  s tem  a s  p o s s ib le ,  it might be a n a lo g o u s  to  saw in g .  If so , 
th e n  the  tim e sp e n t  on trimming d ep en d s  on th e  su rface  a rea  c u t .
To t e s t  th is  h y p o th e s i s ,  a r e g re s s io n  of tim e per t re e  for the  e lem en t 
"trim b ra n c h es"  on th e  sum of squared  d ia m e te rs  of b ranch  knots  
sam pled  on th a t  t re e  w as c a lc u la te d  from th e  d a ta  on e ac h  c u t te r .  Of 
th ir ty  such  r e g r e s s io n s  (Table 41), tw en ty  five  were s ig n if ic a n t  at th e  
95 per c en t  le v e l  of p ro b a b i l i ty .
The c o e f f ic ie n t  of e a c h  r e g re s s io n  in  Table  41 w a s  p lo t ted  
a g a in s t  the  m ean sum of sq u a red  d ia m e te rs  of sam pled  branch  knots  
per t re e  for th e  s tu d y  plot (Figure 9 ) .  V alues  of the  r e g re s s io n  
c o e f f ic ie n t  ten d ed  to  d e c r e a s e  a s  b ra n c h in e s s  in c re a s e d  im plying 
th a t  th e  tim e sp en t  on trimming dep en d ed  on th e  ag g reg a te  th ic k n e s s  
of b ran ch es  trimmed ra th e r  th a n  th e ir  s e c t io n  a r e a .  R eg re s s io n s  of the  
tim e per tree  sp en t  on th e  e lem en t "trim b ra n c h e s " ,o n  the  sum of 
d iam e te rs  of sam p led  b ranch  knots  w ere  c a lc u la te d  from the  sam e 
d a ta .  Twenty s e v e n  of the  r e g re s s io n s  (Table 42) w ere  s ig n if ic a n t  at 
th e  95 per c en t  le v e l  of p ro b a b i l i ty .  R e g re s s io n s  of tim e per tree  
sp en t  on the  e lem en t "trim b ra n c h e s"  on th e  number of sam pled  branch  
knots  w ere  a ls o  c a lc u la te d  but it w as  found th a t  th i s  m easure  of
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TABLE 41
R egres s ion  eq u a t io n s  for e f fe c t s  of b ra n c h in e s s  on 
tr imming t im es  in m inu tes  per t ree
Plot C u t te r C o n s ta n t C o ef f ic ien t  in J* Number of 
o b s e r v a t io n s
1 1 2 .9 4 0 .0 6 8 (+0.02 0) 35
1 2 2 .3 4 0 .0 6 8 (+0.025) 15
2 4 2 .13 0 .127 (+0.025) 63
3 5 2 .2 5 0 .0 6 9 (+0.012) 68:
4 7 3 .1 4 0 .0 3 8 (+0.014) 37
4 8 1.45 0 .1 3 9 (+0.035) 18
5 9 2 .8 0 0 .091 (+0.094) 52
6 10 1.93 0 .093 (+0.016) 59
6 11 2 .4 5 0 .088 (+0.023) 18
7 12 2 .0 5 0 .086 (+0.016) 60
8 13 2 .01 0 .1 2 0 (+0.016) 50
9 14 1 .15 0 .117 (+0.018) 64
10 15 2 .81 0 .088 (+0.028) 35
11 16 0 .8 8 0 .052 (+0.016) 11
11 17 1 .15 0 .0 7 8 (+0.009) 52
12 18 1 .47 0 .105 (+0.015) 53
13 19 2 .27 0 .07  9 (+0.011) 58
14 20 2 .2 4 0 .057 (+0.011) 51
15 21 0 .8 9 0 .021 (+0.01Q) 59
16 22 0 .3 9 0 .086 (+0.010) 58
17 23 2 . 1 0 0 .081 (+0.016) 59
18 24 2 .1 8 0 .068 (+0.012) 54
19 25 0 .83 0 .1 0 0 (+0.010) 60
20 26 0 .92 0 .077 (+0.010) 56
21 27 1 .74 0 .0 8 0 (+0.028) 56
22 28 3 .9 2 0 .006 (+0.005) 12
22 29 2 .7 7 0 .028 (+0,027) 23
23 30 2 .6 9 0 .047 (+0.010) 25
23 31 4 .8 7 0.033 (+0.026) 25
24 32 2 .6 0 0 .085 (+0.040) 18
24 33 1.82 0.057 (+0.041) 21
24 34 4 .8 9 - 0 . 0 0 2 (+0.043) 16
1
where  J is  the  su r face  a rea  of sampled  b ranch  knots  











































MEAN SUM OF SQUARED SAMPLED BRANCH 
KNOT DIAMETERS PER TREE 
(inches  squared)
FIGURE 9




































R egres s ion  eq u a t io n s  for e f fe c t s  of b ra n c h in e s s  on 
tr imming t im es  in minutes  per t r e e
C u t te r C o n s tan t C oef f ic ien t  on v} Number of 
o b se rv a t io n s
1 1.91 0 .129 (+0.031) 35
2 1 .98 0 .094 (+0.045) 15
4 1 .58 0 .148 (+0.035) 63
5 1.76 0.103 (+0.016) 68
7 1 .94 0 .1 2 0 (+0.032) 37
8 0 .84 0.173 (+0.063) 18
9 0.47 0 .246 (+0.027) 52
10 0 .88 0.171 (+0.025) 59
11 0.82 0.207 (+0.046) 18
12 0 .97 0 .142 (+0.019) 60
13 1 .2 0 0 .154 (+0.019) 50
14 0.61 0.185 (+0.021) 64
15 0 .5 9 0 .214 (+0.041) 35
16 0 .1 8 0 .1 0 9 (+0.023) 11
17 0 .8 0 0.102 (+0.014) 52
18 0 .86 0 .152 (+0.021) 53
19 1.03 0 .1 8 0 (+0.022) 58
20 0 .8 0 0 .147 (+0.023) 51
21 0 .25 0.141 (+0.018) 59
22 0 .24 0 .124 (+0.012) 58
23 1 .48 0 .114 (+0.02 0) 59
24 1 .49 0 .126 (+0.025) 54
25 0 .13 0 .169 (+0.017) 60
26 0 .34 0.162 (+0.018) 56
27 1.27 0 .124 (+0.031) 56
28 1.91 0 .076 (+0.034) 12
29 1.45 0 .083 (+0.049) 23
30 0 .7 0 0 .155 (+0.027) 25
31 2 .8 0 0.132 (+0.053) 25
32 1.96 0 .121 (+0.080) 18
33 1443 0.122 (+0.068) 21
34 3 .65 0 .0 5 0 (+0.113) 16
where  K is the  sum of sam pled  branch knot d iam e te r s  
per t ree  in inches
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b ra n c h in e s s  d id  not affect  tr imming t ime as  much a s  the  sum of 
d ia m e te r s  of sam pled  branch k n o t s .
Having  e s t a b l i s h e d  th a t  the  ag g reg a te  t h i c k n e s s  of b ranches  
a f f e c t ed  tr imming t ime,  a t e s t  w as  made to  de te rm ine  w he ther  
d i f f e r en c es  in h a r d n e s s  or b r i t t l e n e s s  be tw een  d ead  and l ive 
b ran ch es  a f fe c ted  the  t ime spen t  on tr imming.  The d a ta  on e a c h  
t r ee  on which  both k inds  of branch  were  tr immed during th e  s tudy  
w a s  u s e d .  If the  majori ty  of branch knots  in a sample  were  " l ive"  
a l l  b ran ch es  in th a t  whorl were  c l a s s e d  a s  " l i v e " . The t ime spen t  on 
tr imming d ead  b ran ch es  on a g iven  t ree  w a s  d iv ided  by the  sum of 
d iam e te r s  of s am p led  dead  branch  k n o t s .  The mean d i f fe rence  be tw een  
t h e s e  v a lu e s  for a l l  t r e e s  tr immed by a g iven  cu t te r  w a s  d iv ided  by i t s  
s tan d a rd  error and  compared  wi th  t a b u la ted  v a lu e s  of S tu d en t ' s  t -  
s t a t i s t i c  to  t e s t  a null  h y p o t h e s i s .  Twenty th ree  of th ir ty  su ch  t e s t s  
l i s t e d  in Table  43 showed s ig n i f ic an t  d i f f e rences  at  the  95 per cen t  
leve l  of p ro b ab i l i ty .  It w a s  conc luded  tha t  th e  ra te  of tr imming dead  
b ran ch es  w a s  the  same a s  the  ra te  of tr imming l ive b ranches  for 
r a d ia t a  p i n e .
A r e g r e s s i o n  of mean t ime per t ree  for the  e lem en t  "trim b ranches"  
and a s s o c i a t e d  u navo idab le  d e l a y s  (axe sha rpen ing  and throwing a s id e  
b ranches)  on the  mean sum of d iam e te r s  of s am pled  branch knots  w a s  
c a l c u l a t e d .  The r e g r e s s io n ,  b a se d  on 24 o b s e r v a t io n s ,  w a s  s ig n i f ic an t
at  the  95 per c e n t  p robab i l i ty  l e v e l : -
133
TABLE 43
D if f e re n c es  in tr imming d ead  and l ive b ran ch es  of r a d ia t a  pine 
(d if fe rence in tr imming t ime in minu tes  per inch of 
s am pled  branch d iam e te r s  a long the  m erchan tab le
stem)
Plot Cu t te r M ean  d i f fe rence  




o b se r v a t io n s
2 4 0 .002 (+0.046) 51
3 5 0.017 (+0.024) 62
4 7 - 0 . 0 3 0 (+0.036) 29
4 8 0 .0 1 8 (+0.035) 12
5 9 - 0 . 0 2 8 (+0.032) 43
6 10 - 0  c 081 (+0.035) 49
6 11 - 0 . 1 4 2 (+0.058) 15
7 12 0 .0 2 0 (+0.025) 48
8 13 0 .014 (+0.026) 45
9 14 - 0 . 0 0 1 (+0.053) 6
10 15 - 0 . 1 3 0 (+0.111) 10
10 16 - 0 . 1 2 8 (+0.104) 4
11 17 - 0 . 1 0 1 (+0.036) 39
12 18 - 0 . 0 3 9 (+0.039) 49
18 19 - 0 . 1 3 7 (+0.046) 32
14 20 0.147 (+0.038) 40
15 21 - 0 . 0 0 3 (+0.067) 8
16 22 - 0 . 1 4 2 (+0.164) 13
17 23 0 .004 (+0.074) 32
18 24 - 0 . 0 2 2 (+0.05 0) 50
19 25 0.071 (+0.084) 25
20 26 0.07  0 (+0.042) 23
21 27 - 0 . 0 1 5 (+0.036) 38
22 28 - 0 . 1 0 1 (+0.03 5) 11
22 29 - 0 . 0 2 5 (+0.024) 21
23 30 - 0 . 0 9 8 (+0.028) 24
23 31 - 0 . 1 8 7 (+0.041) 23
24 32 - 0 . 1 6 5 (+0.050) 16
24 33 - 0 . 0 7 2 (+0.047) 12
24 34 - 0 . 0 9 9 (+0.055) 14
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T = 0 . 4 0  + 0 . 1 9  K
(+0 . 02)
w here  T d e n o te s  mean tr imming t ime per t ree  in minutes  
K d e n o te s  the  mean sum of d iam e te r s  of sampled  
branch  kno ts  per t ree  in in ch es
Figure 10 show s  the  r e l a t io n s h ip  and the  da ta  on which  it 
i s  b a s e d .  Two in v e s t ig a t i o n s  have  been  made in to  r e l a t io n s h ip s  
be tw een  b ra n c h in e s s  and  t ree  d im ens ions  of p lan ta t io n  grown 
r a d i a t a  pine in A u s t r a l i a .  Both i n v e s t ig a t i o n s  u s e d  da ta  from 
young s t a n d s  in w h ich  in i t i a l  s p ac in g  t r i a l s  had been e s t a b l i s h e d .
From m e as u re m e n t s  of branch d iam e te r s  on 36 e ight  year 
old t r e e s  over a per iod  of th ree  year s ,  Jacobs  (1938) found a 
l inear  r e l a t i o n s h ip  be tw een  the  s ec t io n  a rea  of the  stem at any 
point  in the  l ive crown and the  to t a l  s e c t io n  a rea  of b ranches  
above  tha t  p o in t .  The sam ple  t r e e s  were  eq u a l ly  d is t r ib u ted  
among p lo ts  of th ree  d i f fe ren t  s p ac in g s  and though  s ign i f ic an t  
d i f f e r en c es  were  found be tw een  r e g r e s s i o n s  for ind iv idua l  t r e e s  
in the  same sp ac in g ,  for p ra c t i c a l  p u rposes  th ey  could  be r e p la c e d  
by s ing le  r e g r e s s i o n s  e x p r e s s in g  an average  for t r e e s  in th e  given 
s p a c in g .  The r e g r e s s i o n  for average  b ranch ing  in a 12 by 12 feet  
sp ac in g  dif fered  from the  r e g r e s s i o n s  for 9 by 9 and 6 by 6 fee t
s p a c i n g s .
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MEAN SUM OF SAMPLED BRANCH 
KNOT DIAMETERS PER TREE 
(inches)
FIGURE 10
THE EFFECT OF BRANCHINESS 
ON MEAN TRIMMING TIME PER TREE, 
INCLUDING ASSOCIATED DELAYS
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D uring an a s s e s s m e n t  of 18 p lo ts  eq u a l ly  d is t r ib u te d  among 
six  in i t ia l  sp ac in g  t re a tm e n ts  in 15 year old p la n ta t io n s ,  Cromer and 
P aw sey  (1957) m easu red  the  d iam eter  of e a c h  branch  be tw een  8 and 
15 fee t  above ground lev e l  on the  northern  s id e  of n ine  t r e e s  in e ach  
plot o They found th a t  m ean branch  d iam e te r  w as  l in ea r ly  re la te d  to  
b re a s t  he igh t d iam eter  and th a t  w h e rea s  mean branch d iam e te r  w as 
a ffe c ted  by sp ac in g  only to  the  e x ten t  th a t  b re a s t  he igh t d iam eter  
w a s  a ffe c ted  by sp ac in g ,  the  r e g re s s io n  of mean branch  d iam eter  
on b re a s t  he igh t d iam eter  w a s  a ffe c ted  by s i te ,  finer branching  
o ccu rr ing  on low q u a l i ty  s i t e s .
The tw o r e s u l t s  su g g e s te d  th e  ag g reg a te  th ic k n e s s  of 
b ran ch es  on the  m erchan tab le  s tem  might be r e la te d  to  mean b rea s t


































COVARIANCES AND VARIANCES OF ELEMENT TIMES
1 2 3 4 5
0 .0345
0 .0017 0 . 0049
0 . 0018 0 .0024 0.0066
0 . 0226 0 .0025 0 . 0059 0.0481
0 .0005 0 .0007 0.0011 0 . 00 1 0 0.0013
0 .0067 - 0.0012 - 0 .0004 0 . 00 4 0 - 0 .0004
- 0 .0004 0 . 0014 - 0 .0029 - 0 . 0003 - 0 . 0009
0.0291 0 . 0038 0.0002 0 . 0299 0 . 0020
0 . 0089 - 0.0007 0.0017 0 . 0083 - 0 .0005
- 0 . 0009 0.0015 0.0022 - 0 . 0005 - 0.0006
0 .0151 0 . 0029 0.0013 0.0201 - 0 . 0016
0.0213 - 0.0017 - 0 .0004 0 . 0174 - 0.0016
0 . 0079 - 0 . 0008 - 0 .0034 0 . 0058 - 0 .0038
0 .0360 0 . 0003 - 0.0042 0 . 0544 - 0 .0027
- 0 . 0080 0 . 00 4 0 0 . 0129 0 . 00 6 0 0 . 0019
0 .0021 - 0.0002 0.0016 0 . 00 0 9 - 0 .0005
0 . 0098 - 0 . 0003 0 . 0060 0 . 0321 - 0.0002
0 .0725 0 . 0059 0.0006 0 .0692 - 0 .0065
0.0827 0 . 0369 0.0432 0 . 0936 - 0 . 0090
7 8 9 10 11
0 .0114
0.0136 0 .2 95 9
- 0 . 0028 0.0107 0.0104
- 0 .0007 0.0147 0.0011 0 . 0145
0 .0107 0 . 0125 0.0078 - 0 . 0021 0 .0548
- 0.0001 0 . 0158 0.0139 0 . 0001 0 . 0200
0 .0104 0 . 0395 0.0052 0 . 01 0 0 0.0211
0 .0240 0.0495 0 .0075 - 0 . 0206 0 .0585
- 0.0065 - 0 . 0055 - 0 . 0009 0 .0104 - 0.0133
0 . 0019 0 .0171 0.0022 0 . 0018 0 . 0220
0 . 0034 - 0 . 00 7 0 - 0 .0009 0 . 0017 - 0.0305
0.0137 0 .0405 0.0284 0 . 0018 0.0642































0 .0 2 3 9 0 .2187
15 - 0 . 0 0 6 6 - 0 . 0 2 1 9  0
16 0 .0 154 0.0557  0
17 0 .0007 0 .0 0 0 6  0
18 0 .0493 0 .1432  -0





3 .2 0 5 0  




.0313 0 .0086 0 .0754
.0317 0 . 0 .0458 0 .3115
.0689 0 .0189 0 .0 2 5 9 0 .3 2 4 5
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APPENDIX K
VARIANCES OF PRODUCTS AND QUOTIENTS
The following d e r iv a t io n s  were  s u g g e s t e d  by Dr . 1 . S . Ferguson 
of th e  Depar tment  of Fores try ,  Aust ra l ian  N a t iona l  U n ivers i ty :
G iven  a p roduct  V = M x N  = f ( M, N) ,  
t h e  Taylor ex p an s io n  about i t s  mean V is
V + dV = f (M,N)  + dM + dN ~ T +dM dN
Ignoring sq u a re s  of smal l  moments  in M and N, 
dV = dM N + d N M .
Now cr2 = E(V -  V)2 
= E (dV)2
E(dM N -  dN M)
E(dM2N2 + dN 2M 2 -  2 dMdN N M)
E (M -  M )2 N2 + E (N -  N~)2 -  2 E (M - M) (N -  ST) N M
cr2 N 2 + er2 M2 M N 2crMN N M
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VGiven a quo t ien t  P = ~  = f(V,T),
the  Taylor e x p a n s io n  about,  its mean P is
P + dP = f(V, T) + dV | |  + dT .
Ignoring the  s q u a r e s  of smal l  moments  in V and T
Now
1 VdP = dV -  -  dT -
1 T
2 —  2
cTp = E(P -  P)
= E(dP)2
= E(dV ~  -  dT -  )2 
1 T Z
-  E(dV2 -  + dT2 - 4 -  2 dV dT -  )
T2 T‘ T
E(V -  V)2 ~ 9 + E(T - 
T « 2 - 4T
- 2 E(V -  V) (T -  T) —3
T
2 1 2 V2
2  ° V T
V
V T2 T T4 V i T3
2 „ 2  2 „2 
°v  T + °-T v -  2o"vt VT
T4
If V and T come from in dependen t  s am ples
2
°p
2 + 2 2 
° T  V
This r e l a t io n s h ip  i s  r e l i a b le  for s am p les  g rea te r  than  3 0 ind iv idua ls





COSTS OF CHAIN SAWS
TABLE 44
C h a in  saw  c o s t s  va ry ing  w ith  p u rc h a se  p r ice
Item P u rch ase  p rice  
$200 $300 $400
R esa le  v a lu e $ 0 $ 0 $ 0
E xpec ted  life  (m achine hours) 1, 000 1, 000 1, 000
Annual in su ra n ce $ 26 $ 40 $ 54
Fuel p r ic e  (cen ts  per pint) 6 6 6
Fuel consu m p tio n  (p in ts  per 
m achine  hour) 2 i 3 3i
Oil p r ice  (cen ts  per pint) 15 15 15
O il consum ption  (p in ts  per 
m ach ine  hour) l i *2 I 2
1
In i t ia l  ou tlay $ 10 $ 11 $ 13
The in i t ia l  o u tlay  i s  th e  c o s t  of a supp ly  of fuel and o il  
w h ich  a cu tte r  m ust o u tlay  before he can  com m ence to  earn  money 
w ith  h is  c h a in  s a w .  It is  ta k e n  in to  a cco u n t when c a lc u la t in g  the  c o s t  
of in te r e s t  on in v e s te d  c a p i t a l .  The in te r e s t  ra te  i s  8 per c en t  per
a n n u m .
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TABLE 45
C hain  saw c o s t s  vary ing  with  the  leng th  of cu t te r  bar
Item C ut te r  bar length  
20 in c h es  30 in c h es
Pr ice  of a cha in  and sp rocke t $ 25 S 31
Total  c o s t  of c h a in s  and  sp rocke ts*  
during the  ex p ec te d  l ife of th e  saw $400 $500
C o s t  of f i l e s  during the  e x p e c te d  life 
of the  saw $ 25 $ 25
1
The c o s t  of r e p a i r s  and m a in tenance  o ther th a n  c h a in s ,  sp ro ck e ts  
and  f i l e s  is  20 per cen t  of the  d e p re c ia t io n  c o s t s .
